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N i c k e X ( I I )  com plexes c o n ta in in g  2 ,3 ,4  o r 6 m o le cu le s  
o f  o-»phenylenod iac iine , and a s im i la r  s e r ie s  o f  4-m ethyl 
p h en y len ed iam in e  com plexes have been c h a r a c t e r is e d  by m ag n e tic , 
in f r a r e d  and e le c t r o n ic  s p e c t r a l ,  th e rm a l a n a ly s is  and X - ra y  
powder p ho tog raph  m easurem ents* Some z in c  and c o b a l t ( I I )  
com plexes w ith  2 o r  3 m o le cu le s  o f  o -p b en y len ed iam in e  and some 
c o p p e r ( I I )  com plexes w ith  1 o r  2 m o le cu le s  o f  d iam ine  have  a ls o  
been  c h a r a c t e r is e d *  A p p ly in g  c r i t e r i a  f o r  th e  d e te c t io n  o f  
m onodentate d iam in e  based  on C~N and N~H in f r a r e d  s t r e t c h in g  
f r e q u e n c ie s  i t  has been e s t a b l is h e d  t h a t  a l l  th e  com plexes 
w ith  e i t h e r  2 or 3 l ig a n d  m o le cu le s  c o n ta in  o n ly  b id e n ta te  
d iam in e , w ith  th e  e x c e p t io n  o f  th e  compounds, N i(o p d )^ SO ^ , 
Co(opd )^SeC^ .H pO , 2n(opd)^SeO^oH^O and Z n (o p d )^ Se 0 ^ o The 4 :1  
com plexes appear to  c o n ta in  b o th  mono and b id e n ta te  d iam in e  
w h i l s t  o n ly  m onodentate d iam ine  ap p ea rs  to  be p re s e n t  in  th e  
6 : 1  com plexes*
E le c t r o n i c  s p e c t r a l  m easurem ents have  e n ab le d  c i s  o r 
t r a n s  c o n f ig u r a t io n s  t o  be a s s ig n e d  to  many o f  th e  n i c k e l ( X I )  
com plexes and an e s t im a t io n  o f  th e  l ig a n d  f i e l d  s t r e n g th  o f  
c><~phenylenediamine to  be made from  the  s p e c t ra  o f  th e  n i c k e l ( I X )  
i r i s - c h e l a t e  com plexes*
( i i i )
Many o f  th e  2 ; 1  com plexes p re p a re d  c o n t a in  c o o rd in a te d  
a n io n s  and i n  most ca se s  a in d u c t io n  of* sym m etry on c o o rd in a t io n  
has le d  to  th e  s x o li t t in g  of" o b se rved  in f r a r e d  btodSb
The donor b e h a v io u r  o f  th e  s e l ’en a te  io n  i n  t h is  system  
g e n e r a l l y  re sem b les  t h a t  o f  th e  s u lp h a te  io n .  However? the 
n i c k e l ( I X )  com plex, M i ( o p d ) h a s  a c i s  c o n f ig u r a t io n  
w hereas N i(o p d ) ^SeG^ i s  axoparen tly  a t r a n s  com plex .
Some p r e l im in a r y  w ork on com plexes o f  ^ - p h e n y le n e d ia n in e  
su g g ests  t h a t  t h i s  l ig a n d  em ploys bo th  am ine groups in  
c o o rd in a t io n  g iv in g  r i s e  to  p o ly m e r ic  s t r u c t u r e s .
(iv )
The w ork d e s c r ib e d  in  t h i s  t h e s is  was c a r r ie d  out in  
th e  In o rg a n ic  R e se a rch  L a b o ra to r ie s  of th e  C h e m is try  D epartm ent, 
U n i v e r s i t y  of S u r r e y  under th e  su£D erv is ion  o f D r 0 J 0P 0 R e d fe rn , 
To him  and a ls o  to  D r 0 D * J*  P h i l l i p s  s in c e r e  th a n k s  a re  due f o r  
t h e i r  c o n s ta n t  g u id an ce  and u n f a i l i n g  h e lp  th ro u g h o u t t h i s  
re s e a rc h *
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S E C T I O N  I  
INTRODUCTION
2A# COMPLEXES OF AROMATIC DIAMINES
Th© com plexes d is c u s s e d  in  t h is  in t r o d u c to r y  s u rv e y  
a re  th o se  form ed betw een  ra e ta l io n s  and £ - p h e n y le n e d ia m in e ( I ) 9 
m -p h e n y le n e d ia m in e ( I I ) ,  and |> -phenylened iam ine( I I I ) and by 
t h e i r  m e th y l s u b s t i t u t e d  analogues,, 4-m etliy l-oy-p lienylened iam ine 
( I V ) ,  4 -m ethy l~m -pheny lened iam ine ( V) auid 2-m ethy l-^-pheny lene-  
d ia m in e (V I ) «
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A l l  s ix  compounds a re  w e a k ly  b a s ic  s o l id s .  They a re  
w h ite  when pu re  bu t a re  somewhat s u s c e p t ib le  to  a tm o sp h e ric  
o x id a t io n ,  w ith  th e  fo rm a t io n  o f  co lo u re d  o x id a t io n  p ro d u c ts .
1 © Complexes o f  O rth o - Ph e n y le n e d iam in e  and 
4-M ethy1-0rth o - P h e n y le n e d ia m in e  
I t  ap p ea rs  t h a t  th e  e a r l i e s t  re co rd e d  w ork on th e  
com plexes o f  a ro m a tic  d iam in es  was th a t  o f  M e l i t s k y  [ l ]  in  
1925. He re p o r te d  a s e r ie s  o f  brown c o b a lt (H E )  t r i s  o-pheny lene-  
d iam ine  compounds w h ich  w ere p re p a re d  by r e a c t in g  c o b a l t ( H E )  
ammonia com plexes w ith  o -p h en y len ed iam in e  . T h is  e a r l y  work
w it h  a ro m a tic  d iam in es  was s u b se q u e n tly  ex tended  to  b iv a le n t  
m e ta ls ,  when W ah l [ 2 ] p re p a re d  a s e r ie s  o f  o -p h en y len ed iam in e  
and 4-m ethyl o_~ p h e n y l ene d iam in e  com plexes o f  z in c  and cadmium 
and when H ie b e r  [ 3 ] and h is  co-w orkers  fo llo w e d  up a 
p r e l im in a r y  n o te  on some o-p h en y len e  d iam ine  com p lexes, w ith  
a com prehensive  p ap e r (4 ) on th e  com plexes o f  t h i s  d iam ine  w ith  
n i c k e l ( l l ) , c o b a l t ( I l ) , c o p p e r ( I I )  and z i n c ( I l )  c o n ta in in g  
l j  2, 3»  ^ o r  6 m o le cu le s  o f  d iam ine* From c o n d u c t iv i t y  
m easurem ents and from  t h e i r  a n a l y t i c a l  b e h a v io u r  H ie b e r  
co n c lu d ed  th a t  th e  com plexes w ere c o n s id e r a b ly  b roken  down in  
aqueous s o lu t io n ,  a lth o u g h  c e r t a in  r e a c t io n s  in d ic a t e d  th a t  
com plex io n s  w ere p re s e n t  in  c o n c e n tra te d  s o lu t io n .  He 
deduced th a t  th e  d iam ine  m o le cu le s  w ere o n ly  w e a k ly  bound to  
th e  m e ta l.  In  a d d it io n ,  H ie b e r  made th e  f i r s t  a ttem p t to
-  3 -
- k  -
d is c o v e r  the  mode o f bond ing  o f  the o -p h en y lened iam in e  m o le cu le  
in  th e se  com plexes, i . e . ,  w h e th e r th e  l ig a n d  was bound th rou gh  
two amino groups o r  one© Complexes w ere t r e a t e d  w ith  ammonia 
gas and t h e i r  g a in  in  w e ig h t re c o rd e d . The r e a c t io n  p ro d u c ts  
w ere  th en  washed w ith  c h lo ro fo rm  to  remove any o-pheny len e  d i a n in e  
t h a t  had been d is p la c e d  by th e  ammonia. The w e ig h t o f  
o ^ p h en y len ed iam in e  d is p la c e d  by a g iv e n  w e ig h t o f  ammonia was 
th u s  e s ta b lish e d ©  H ie b e r  c o n s id e re d  th a t  the  com plexes w ith  
fo u r  and s ix  d iam ine  m o le c iile s  must c o n ta in  m onodentate 
o-pheny1 ene d i amine m o le cu le s  and io n ic  h a l id e ,  b ecau se , i f  th e  
l ig a n d  m o le cu le s  w ere a l l  b id e n ta t e ,  c o o rd in a t io n  numbers o f  
e ig h t  and tw e lv e  w ou ld  be req u ired ©  T rea tm en t o f  N i(o p d )^ C l2 
and N i(o p d )^ C l2 w i th  ammonia co n firm ed  t h is  s u p p o s it io n  as each  
m ole o f  d iam ine  appeared  to  be d is p la c e d  by 1 mole o f  ammonia 
in d ic a t in g  th e  p re se n ce  o f  e x c lu s iv e ly  m onodentate o-phenylene™  
diam ine© S o le l y  m onodentate l ig a n d  was l ik e w is e  though t to  be 
p re s e n t  in  the  compounds C d (o p d )2C l2 , C d (o p d )2 S0  ^ and N iC o p d )^ !^
In  th e  case  o f  the compounds N i (o p d ) 2B r 2 , N i(o p d > 2C l2 , N i ( o p d ) k 9 
C u (o p d )C l2 , and ZnCopd^SO ^ c o n s id e r a b ly  le s s  th an  one mole o f  
o yp h en y le n ed iam in e  was d is p la c e d  f o r  e v e ry  mole o f  ammonia 
absorbed© H ie b e r  c o n s id e re d  th a t  t h i s  was due to  " c o o r d in a t io n
- 5 -
u n s a t u r a t io n " , i . e . ,  th e  m e ta l was n o t a c h ie v in g  i t s  maximum 
c o o rd in a t io n  number© I f  i t  w ere  assumed th a t  o n ly  m onodentate 
d iam in e  was p re s e n t ,  i t  w ou ld  f i r s t  be n e c e s s a ry  to  absorb  
ammonia to  a t t a i n  the maximum c o o rd in a t io n  number o f  s ix  b e fo re  
d iam ine  w ould  be d isp laced ©  I t  was found  th a t  two m oles o f  
ammonia w ere tak en  up f o r  e v e ry  1 mole o f  d iam ine  d is p la c e d  
o n ly  f o r  the compounds C d (o p d )C l2 , C u (o p d )2 (NO^ ) 2 and 
Cu( opd) 2 ^0 and o n ly  h e re  was b id e n ta te  d iam ine  assumed to  be 
p resent©  From th e se  r e s u l t s  H ie b e r  con c lu d ed  th a t  o ~ p h en y len e- 
d iam in e  fu n c t io n s  p r im a r i l y  as a m onodentate ligand©  I t  i s  
n o te w o rth y  th a t  H ie b e r  d id  n o t make a llo w a n c e s  f o r  the 
p o s s i b i l i t y  o f  an io n s  e n te r in g  in to  o r  coming ou t o f  c o o rd in a t io n  
d u r in g  th e  tre a tm e n t w ith  ammonia© F o r  in s ta n c e  a r e a c t io n  
o f  th e  typ e
N i ( opd) jAz  + [N iC N H ^ i^ Ig l + 3opd
co u ld  o ccu r  i f  th e  o ~ p h en y len ed iam in e  w ere b id e n ta te ,  and y e t  
s t i l l  g iv e  an a p p ro x im a te ly  1 : 1 . d isp la ce m e n t ra t io ©
H ie b e r  [ 5 ]  sought f u r t h e r  c o n f irm a t io n  o f  h is  c o n c lu s io n s  
drawn from  th e se  ex p e rim en ts  by m easu ring  the  h e a ts  o f  fo rm a t io n  
o f  some z in c ,  cadmium and c o b a l t ( I I )  complexes© He argued  th a t  
th e  m o la r h e a t o f  fo rm a t io n  d iv id e d  by th e  number o f  m eta l-  
n it r o g e n  bonds (i© e© , th e  h e a t  o f  fo rm a t io n  o f  the  m e ta l- n it ro g e n
- 6 *~
bond) sh o u ld  g iv e  a s im i l a r  v a lu e  in  compounds o f  s im ila i '’ 
c o m p o s it io n , and hence an in d ic a t io n  o f  w h e th e r the d iam ine  was 
b id e n ta te  o r m onoden tate , F o r  in s ta n c e ,  the m o la r h e a t o f  
fo rm a t io n  f o r  the  compound Z n (o p d )C l2 was c o n s id e r a b ly  h ig h e r  
th an  th a t  f o r  C o (o p d )C l2 - w hereas a lo w e r v a lu e  f o r  th e  z in c  
compound w ould  have been ex p ected  because i t  was found  th a t  
Z n (o p d )^ C l2 had a lo w e r  h e a t  o f  fo rm a t io n  th an  C o C o p d ^ C l^ *  
Hence Z n (o p d )C l^  was c o n s id e re d  to  c o n ta in  b id e n ta te  and 
C o (o p d )C lg  to  c o n ta in  m onodentate o-p h en y lened iam in e  o From 
f u r t h e r  am monia-uptake and h e a t o f  fo rm a t io n  m easurem ents, 
H ie b e r  deduced th a t  m onodentate d iam ine was p re s e n t  in  the 
com plexes Z n (o p d )^ B r^  and C o (o p d )C l^  w h i l s t  Z n (o p d )C l2 and 
Z n (o p d )^ I2 c o n ta in e d  b id e n ta te  d ia m in e Q Some f u r t h e r  k t l  and 
6 :1  com plexes, nam ely  Z n (o p d )^ I2 , Co( o p d )^ C l^ , Z n (o p d )^ C l2 and 
C o (o p d )^ C l2 , were assumed to  c o n ta in  o n ly  m onodentate l ig a n d ,  
a lth o u g h  no ammonia u p take  ex p e rim en ts  were c a r r ie d  o u t ,  bu t 
th e rm a l m easurem ents on th e se  compounds w ere c o n s id e re d  to  f i t  
in  w ith  t h i s  assum ption®
H ie b e r* s  p r e p a r a t iv e  work on n ic k e l ,  co p p e r, c o b a lt  and 
cadmium com plexes was re p e a te d  and extended  by C e rn a te s cu  [6 ,7 ]  
and P a p a fx ^ l [8 3 , bu t none o f  th e se  w o rk e rs  a ttem p ted  a
-  7 -
• s t r u c t u r e  d e t o r r a i u a t i o n . P o n i  [ 9 ]  d e s c r i b e d  f l i e - p r e p a r a t i o n  
of* so m e  4 - m e t h y l ~ o ~ « p h © n y l e n e d ± a m i n e  c o m p l e x e s  o f  
c a d m i u m ,  c o p p e r ( I I )  a n d  c o b a l t ( I T ) ©  M o r e  r e c e n t l y  t h e  
p r e p a r a t i o n  o f  a  n u m b e r  o f  o t h e r  n i c k e l ( l l )  C l l , 1 2 ] ,  c o b a l t ( I I )  
[ 1 3 , 1 4 ] ,  c o p p e r ( I I )  [ 1 5 , 1 6 , 1 7 ]  a n d  c a d m iu m  [ l 8 ]  o ^ p h e n y l e n e d i a m i n c  
c o m p l e x e s  h a v e  b e e n  d e s c r i b e d  b y  v a r i o u s  w o r k e r s #  C o m i o l e x e s  
o f  o - p h e n y l e n e d i a m i n e  w i t h  m e r c u r y  ( I I )  [ 1 9 , 2 0 ] ,  m a n g a n e s e  ( I I ) [ 2 1 . ]
i r o n ( I I )  [ 2 2 ] ,  t i t a n i u m ( X I I ) [ 2 3 ] ,  v a n a d i u m ( I I I ) [ 2 4 ] ,
t u n g s t e n ( V l )  [ 2 5 3  a n d  g a l l i u m ( l )  [ 2 6 ]  h a v e  a l s o  b e e n  r e p o r t e d #
O n ly  a few  modern p h y s ic a l  te ch n iq u e s  have been used in  
th e  s tu d y  o f  the o -p h en y len ed iam in e  complexes# F e d e ro v  and 
Z a i t s e v  [2 7 ] have in v e s t ig a t e d  the  th e rm a l p r o p e r t ie s  o f  some 
cadmium o-p h en y len ed iam in e  h a l id e  and s u lp h a te  com plexes by 
d i f f e r e n t i a l  th e rm a l a n a ly s is #  They co n c lu d ed  th a t  the  1:1 
com plexes decomposed e n d o th e r m ic a l ly  in to  the cadmium h a l id e  
w i t h  the  lo s s  o f  the s in g le  m o le cu le  o f  o - p h e n y le n e d ia m in e , i . e ® ,
C d (o p d )X 2 —— > CdX2 + opd 
TJ i t h  th e  2 : 1  com plexes s te p w is e  en-dotherm ic d eco m p o s it io n  
o c c u rre d *  The f i r s t  p ro d u c t was the 1:1 com plex w h ich  then  
decomposed as d e s c r ib e d  ab o ve :-
C d (o p d )2X 2--- ) C d (o p d )X 2 + opd
v fe th r ic h  and F a l l a b  [ 2 8 ] d e te rm in ed  th e  fo rm a t io n  
c o n s ta n ts  o f  o-phenylenedxam ine c o p p e r ( I l )  com plexes in  aqueous 
s o lu t io n .  U s in g  b o th  s p e c tro p h o to m e tr ic  and p o te n t io in e t r ic  
methods th e y  o b ta in e d  v a lu e s  f o r  lo g  K ^ (2 5 °C )  o f  4 e43 + 0 . 0 3  
and f o r  lo g  K 0 o f  3@75 + 0.03# They compared th e se  v a lu e s  
w i t h  th o se  o b ta in e d  under s im i l a r  c o n d it io n s  by B je rru rn  [2 9 ] 
f o r  the  co rre sp o n d in g  e th y le n e  d iam ine c o p p e r ( IX )  com plexes 
( lo g  = 10®72  and lo g  - 9 ©3 1 ) and sxiggest th a t  the  lo w e r 
s t a b i l i t y  o f  the  o-phenylenedxam ine com plex i s  due to the lo w e r 
b a s i c i t y  o f  the  a ro m a tic  d iam in e  compared to  © th y le n e d ia m in e 0
M e llo r  and C ra ig  [3 0 ] have m easured the room tem p e ra tu re  
m ag n etic  moment o f  s u lp h a t o b is (o - p h e n y le n e d ia m in e )n ic k e l ( l I ) ,
N x (opd ) 9 o b ta in in g  a v a lu e  o f  3@1 Bohr M agnetons, w h ich  
w ould  in d ic a t e  a h ig h  s p in  o c ta h e d ra l s t r u c t u r e .  Such  a 
s t r u c t u r e  w ou ld  r e q u ir e  c h e la t in g  d iam ine and c o o rd in a te d  
s u lp h a te  in  o rd e r  th a t  s ix  c o o rd in a t io n  p o s i t io n s  m ight be 
o c c u p ie d . T h is  i s  i n  d i r e c t  c o n f l i c t  w i t h  the  w ork o f  H ie b e r  
who had sugg ested  th e  p re se n ce  o f  m onodentate o -p h en y iened ia ra in e  
in  t h i s  com plex on th e  b a s is  o f  ammonia-uptake e x p e r im e n ts .
Bandyopadhayay [ 1 2 ] has o b ta in e d  a v a lu e  o f  3»09 
B o h r M agnetons f o r  th e  room tem p e ra tu re  m agn etic  moment o f
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d in i  t  r  o b i. s ( o - pheny 1 en e d i  am in e ) n i. eke i  ( 11) © T h is  a g a in  w ou ld  
ap p ea r to  r e q u ir e  an o c ta h e d r a l  s t r u c tu r e  w ith  c h e la t in g  
d iam ine  © T h is  com plex was n o t p re p a re d  by H ieber©
M aki [3 1 ] has m easured the  e le c t r o n ic  spectrum  o f  
d ic h lo r o b ± s (o - p h e n y le n e d ia m in e )n ic k e l ( I I )  and has su g g es ted  a 
t e t r a g o n a l l y  d is t o r t e d  o c ta h e d r a l  s t r u c tu r e  w i t h  two b id e n ta te  
d iam in e  m olecu les©  T h is  r e s u l t  c o n f l i c t s  w i t h  th a t  o b ta in e d  
by H ie b e r  who had co n c lu d ed  th a t  m onodentate c>-phenylenediaEiine 
was p re s e n t  in  the complex©
Jo rg e n s e n  [3 2 ] has p o in te d  ou t th a t  a lth o u g h  i t  i s  
u s u a l l y  b e l ie v e d  th a t  o -p h en y len ed iam in e  o n ly  form s m onodentate 
com p lexes, the e x is te n c e  o f  b lu e  2 :1  com plexes o f  c o p p e r ( I I )  
and v io le t - g r e y  com plexes o f  n i c k e l ( I l )  in  the  s o l id  s t a t e ,  
w ou ld  as s t r o n g ly  in d ic a t e  b id e n ta te  p ro p e rt ie s ©  T h is  a u th o r 
has a ls o  n o ted  th a t  th e  S c h i f f 1s base o - p h e n y le n e d ia m in e b is ( s a l i s  
a ld e h y d e ) i s  a t  l e a s t  as good a t e t r a d e n t a t e  l ig a n d  as the
s im i la r  e th y le n e d ia m in e  S c h i f f ' s  base©
B a rv in o k  and B u ck lia re va  [3 3 ] have s tu d ie d  a number o f  
com plexes o f  the v a r io u s  p h en y len ed iam in es  by in f r a r e d  
spectroscopy©  They used  the  lo w e r in g  o f  f r e q u e n c ie s  o f  the  N.~H 
s t r e t c h in g  v ib r a t io n s  on c o o rd in a t io n  to d e te rm in e  w h e th e r
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morxodexitate o r  b id e n ta te  d iam in es  a re  p re s e n t  in  th e  com plexes 
s tu d ied #  They co n c lu d ed  th a t  in  C d (opd )C X 2 the  c o o rd in a t io n  
o f  the  o-p h en y len ed iam in e  in v o lv e s  one amino group , w hereas in  
C d (o p d )2C l 2 i t  in v o lv e s  two amino groups p e r  d iam ine  m o le cu le , 
c o n t r a r y  to  K ie fo e r ’ s c o n c lu s io n s *  In  the o th e r  com plexes 
s tu d ie d  th e y  ag reed  w ith  H ie b e r 's  c o n c lu s io n s  in  p ro p o s in g  th e  
p re se n ce  o f  m onodentate d iam in e  in  N i (o p d ) 2 S0 ^, N i (o p d ) 2C l 2 and 
C u (o p d )2C l2 , and b id e n ta te  d iam ine  in  Z n (o p d )2C l2 # I t  i s  
n o ta b le  th a t  th e  r e s u l t s  f o r  N i (o p d ) 2 S0  ^ and N i (o p d ) 2C l 2 ap p ear 
to  be in  c o n f l i c t  w ith  the  p r e v io u s ly  d e s c r ib e d  work o f  M e l lo r  
and M aki r e s p e c t iv e ly *
2. Complexes o f  M e ta-p h en y len ed iam in e  and 4-M eth y l-m eta-
p lieny,lens d iam ine
*gfnrini«<i1 n-r i-^-rr   ■<mrm1- ■ri.if...nn-|> — ■ ■*. i i~ n  _ >>
Complexes o f  m -phenylened iam ine w ere f i r s t  s tu d ie d  by 
C e rn a te s cu  and co -w o rke rs  [6,7] a s e r ie s  o f 1 :1  cadmium com plexes 
and a c o b a l t ( l l )  com plex b e in g  r e p o r te d .  P a p a f i l  [ 8 ] r e p o r te d  
some n i c k e l ( I l )  com plexes w ith  one, two and fo u r  m o le cu le s  
o f  the  d iam in e , and, a ls o ,  some f u r t h e r  c o b a l t ( I I )  com plexes 
and some copper ( I I )  com plexes c o n ta in in g  one m o le cu le  o f  d iam ine 
P o n i [ 9 ]  has d e s c r ib e d  some cadmium, c o p p e r ( l l ) ,  and n i c k e l ( l l )  
com plexes o f  4-m ethy1m -phenylenediam ine * The v e r y  dark  c o lo u rs
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re p o r te d  f o r  many o f  the com plexes form ed by th e se  l ig a n d s  
in d ic a t e  th a t  c o n s id e r a b le  o x id a t io n  had tak e n  p la c e .  
M e r c u r y ( I l )  [ 2 0 ] and z in c [3 3 ] m -phenylened iam ine com plexes have 
a ls o  been r e p o r te d .
Fe d e ro v  and Z a i t s e v  [ 2 7 ] have s tu d ie d  the  th e rm a l 
p r o p e r t ie s  o f  two cadmium m -phenylened iam ine com plexes by 
d i f f e r e n t i a l  th e rm a l a n a ly s is  ( J T A ) „ F o r  b o th  compounds 
(C d (m p d )C l2 and Cd (m pd)S0A) the DTA c u rv e s  th a t  have been 
o b ta in e d  w ere more com plex th an  f o r  the co rre sp o n d in g  
o-p h en y len ed iam in e  compounds. I t  was su g g ested  the com plexes 
e x is t  as d im ers ( F i g 0 1 ) w h ich  decompose in to  the  monomer
b e fo re  lo s in g  d iam ine  to  g iv e  the a p p ro p r ia te  cadmium s a l t .
/ 7 “ \
01 4 “ — S  jCl
- V  > Cd
c d ^  r
Z r ~ \  Y i
\ 7 r L /
F i g .  1 .
From a s tu d y  o f  N-H s t r e t c h in g  f r e q u e n c ie s  an a lag o u s  
to  th a t  f o r  che 0 "p h e n y le n e d ia m in e  co m p lex es , B a rv in o k  and 
B u k h a reva  [  33  ] have  co n c lu d ed  th a t  the com plexes Zn (m pd )oS0 ,
2 1
Cd( mpd) 2SO^ , Zn (m pd )2C l2 and C d (m pd )C l2 a l l  c o n ta in  m onodentate
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m -p hen y len ed iam in e© The r e s u l t  -for C d (in p d )C l2 d i f f e r s  from  
th e  s t r u c tu r e  p roposed  by F e d e ro y  and Z a itsev©
No m agn etic  m easurem ents o r e le c t r o n ic  s p e c t r a l  
m easurem ents on m -phenylened iam ine com plexes ap p ear to be 
re co rd e d  in  the l i t e r a t u r e ©
3 o Complexes o f  P a ra - p h e n y le n e d ia m in e  and 2 -M ethy l-
P a ra - p h e n y le n e d ia m in e  
P a r a -pheny le n e  d iam in e  conrplexes o f  z in c  and c o b a lt  ( I I )  
w ere  f i r s t  r e p o r te d  by H ie b e r  and co-w orkers  [ 3 3 ]  © Ammonia- 
u p take  ex p erim en ts  on the  com plex Zn(x3p d )0 1 o in d ic a t e d  the  
p re se n ce  o f  b id e n ta te  d iam in e  in  t h is  com plex. C o n s id e r in g  i t  
u n l i k e l y  th a t  p -p h en y len ed iam in e  co u ld  a c t  as a c h e la t e ,  H ie b e r  
proxoosed a d im e r ic  s t r u c t u r e  f o r  t h is  com plex w i t h  b r id g in g  
d iam ine  m o le cu le s  (Pig©  2 ) e
F ig  © 2
C e rn a te s cu  and co -w o rkers  [6,7] and P a p a f i l  '.[8] 
r e p o r te d  cadmium, n i c k e l ( I I ) ,  c o b a l t ( l l )  and c o p x je r ( l l )  com plexes
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c o n ta in in g  e i t h e r  one o r two £ - p h en y len ed iam in e  m o lecu les#  
P o n i [  9 3 r e p o r te d  some cadmium, n i c k e l ( X I ) ,  c o b a l t ( I I )  and
jD -phenylened i am ine have  been re p o r te d  by a number o f  w o rk e rs  in
C e rn a te s cu  and co -w o rke rs  [3 8 ] have s tu d ie d  some 2 : 1  
and 1 : 1  cadmium and n i c k e l ( l l )  p -p h en y len ed iam in e  com plexes by
found  to  be r e p la c e d  by two m oles o f  ammonia# A d e te rm in a t io n  
o f  the m o le c u la r  w e ig h t o f  the com plex C d (p p d ) l2 by a n e b u l l io -  
scox^ic method in d ic a t e d  t h a t  t h i s  com plex was monomeric 6 
C e rn a te s cu  r e je c t e d  the  p o s s i b i l i t y  th a t  the  com plex was 
decomposed in  b o i l in g  p y r id in e  * The r a t h e r  s u r p r is in g  s t r u c tu r e  
in  F i g * 3 o was su g g ested  f o r  the 1:1 com plexes and by an a lo g y  
the  e q i ia l ly  s u r p r is in g  s t r u c t u r e  shown in  F ig #  4* f o r  the 2 :1  
com p lexes . vr
c o p p e r ( I I )  com plexes o f  2-m ethy l-£ -p heny lenec liam ine  a l l  c o n ta in in g
o n ly  one m o le cu le  o f  l ig a n d *  Some f u r t h e r  com plexes o f
more r e c e n t  t im es  [1 1 ,1 3 ,1 4 ,1 5 ,2 0 ,2 1 ,3 6 ,3 7 ]
ammonia up take  e x p e r im e n ts . I n  e v e ry  case  1 mole o f  base was
F i g #  3
- x4 -
I n  th e  co u rse  o f  t h e i r  th e rm a l a n a ly s is  s tu d ie s  on 
cadmium com plexes, F e d e ro v  and Z a i t s e v  [2 7 ] have found  two 
en d o th en n ic  e f f e c t s  in  the  DTA cu rve  f o r  the  com plex C d (p p d )C l2 
and have su g g ested  th a t  the  f i r s t  endotherm  co rre sp o n d s  to  
d eco m p o s it io n  o f  a 1 : 1  compound o f d im e r ic  s t r u c t u r e  ( F i g .  5 )
Cl NH C  >' H H 0s ,C 1\  /  ® \ X ; . /
N
Cd _  S  Cd
i / r
X  / ~  ~ \  / X
/  NH„ -/ > NH„ 'Cl
Cl 2 \  /  2
Figo 5.
in t o  a 2 : 1  com plex w ith  the  e l im in a t io n  o f cadmium c h lo r id e ,
x o e
(C d (p p d )C l2 ) 2 ----> C d C l2 + C d (p p d )2C12
The second  endotherm , Fe d e ro v  s u g g e s ts , co rre sp o n d s  to  
th e  lo s s  o f two m o le cu le s  o f  £ ~ p heny l’ened iam ine  from  the 2 : 1  
com plex, i . e . ,
C d (p p d )2C l 2 — > CdCl^ + 2ppd,
No s t r u c tu r e  i s  su g g ested  by th ese  w o rk e rs  f o r  the 2 : 1  com plex 
B a rv in o k  and Bu k h a reva  [3 3 ] . u s in g  in f r a r e d
m easurem ents as p r e v io u s ly  d e s c r ib e d , have p roposed  th a t  
b id e n ta te  d iam in e  m o le cu le s  a re  p re se n t in  a l l  th e
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p -p hen y len ed iao x n e  com plexes th a t ,  th e y - h a v e  s tu d ie d , v iz © , 
C u (p p d )S O ., Z n (p p d )SO i 5  C d (pp d )SO ^ , C o (p p d )C l N i (p p d )C l0 ,
■£ ■£ 2i £J
Z n (p p d )C lg , C d (p p d )G l2 , .H g (p p d )(N 0 ^ ) 2P
No m agnetic  o r e l e c t r o n ic  s p e c t r a l  m easurem ents on 
p -p h en y len ed iam in e  com plexes have been re p o r te d  in  the 
l i t e r a t u r e  e
^ 0 T a b le s  o f  P h e n y le n e d ia m in e  Complexes 
The f o l lo w in g  t a b le s  show com plexes o f  <o~phenylenediam ine 
(opd ) , 4-m ethyl jo-phenylened iam ine(m opd ) , m -phenylened iam ine(m pd) ? 
4-m ethy l m -phenylened iam ine ( mm pd) % ^ - p h en y len ed iam in e  ( ppd) , and 
2-m ethy l £ - p h e n y le n e d ia m in e ( m ppd)« A p p ro p r ia te  l i t e r a t u r e  
r e fe r e n c e s  a re  g iv e n  a f t e r  each  compound, to g e th e r  w ith  a sym bol 
in d ic a t in g  any in v e s t ig a t io n s  o f  s t r u c tu r e  th a t  have  been 
c a r r ie d  ou t on th e  compound© The f o l lo w in g  sym bols a re  
em p lo yed :-
A - am m onia-uptake exp erim en ts  
C - c o n d u c t iv i t y  m easurem ents 
D = d i f f e r e n t i a l  th e rm a l a n a ly s is  
E = e le c t r o n ic  s p e c t r a l  m easurem ents 
H = h e a t  o f  fo rm a t io n  m easurem ents 
M = m ag n e tic  m easurem ents 
M.W# = m o le c u la r  w e ig h t d e te rm in a t io n s
I  = in f r a r e d  m easurem ents.
Compounds p i'ep a red  in  th e  p re s e n t  w ork  a re  a s te r isk e d ©
TABLE 1 PHENVLBNEDX AMINS COMPLEXES OF NICICEL (II )
opd and mopd rapd and mmpd ppd and mppd
h
N i(o p d ) 2C l 2 [4 (A ) ,  3K 2 ),
3 3 (D ]
Nx(mpd)Cl2oI^ Oi:B] N± (ppd) Cl2[ 33 (I) ]
N i( m p p d ) C l2 [ 9 ]  
N i ( m p p d ) C l 2 0 2 H 20[ ]
N i ( p p d ) 2 C X 2 [ 8]
N i(o p d ) Zj.Cl2 [ 4, (A ) ]  
N i (o p d ) 6C l 2 [4 (A )  , 8 ]
3SN i(o p d ) 2B r 2 [ 4 ( A ) ]  
N i(o p d ) £iB r 2 [ 4 ( A ) ]  
N x (o p d )2 I 2 [ 4 ( A ) ]
N i(m iupd )^ Br2[ 9] N i (ppd ) gB r 2[ 7]
N i (p p d )2 I 2 [ l l ]
3£
N i (o p d )^ I2 C 4 (A )] 
N i ( o p d )^ I2 [4 ]
Ni(opd)2S 0 ^ [4A,3 3 (I), Ni(mpd)S 0 4 * H 20 [ 8]Ni(ppd)2S 0 & [7] 
7 , 3 0 (M)]
N i(o p d ) 4S0 4 [4 ]
3£
Ni(opd)2(NO )2C8]
Ni(opd)j (NO )2[8]
Ni ( opd ) „ ( NO „ ) *[ 12H3
N i ( p p d ) 2 (N03 )2^ 0 [ 8 ]
N i (mpd)  ^(NO^ ) ,,[ 8]
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TABLE 2 PHEN YLENEDI AMINE COMPLEXES OF COBALT (I I )
opd and mop d mpd and mmpd ppd and mppd
Co( o p d )C lg [4 ,5 (A ,H ) ,8 ] C o (m p d )C l2 [8] C o (p p d )C lg [7 ,3 3 (1 ) ,3 5 ]
Co (mppd) ClgC 9]
C o (m p pd )C lg „ 2 H „0 [ 9] 
Co2 (p p d )3C l2 [3 5 ]
C o (o p d )2C l2 Cl3] Co(m pd)2C l2 [ l 3 ]  Co (ppd ) 2C1^[ 13]
Co(mopd) „C ]L [  9 ]
C o (o p d )^ C l2 [4 ,5 (H ) ]
C o (p p d )2B r 2 [7]
Co (rappd) B r ? [9 ]
C o (o p d )^ B r2C4]
Co( o p d )^ I2C4]
x Co(m pd)S0^[7] C o (p p d )S 0 ^ [7 ]
C o (o p d )2SO^[ 4 ]
Co(B5 id )4 (N0 )a p ]C o (p p d )2 (NO ) 2 .H 20 [8 ]  
[C o ( opd) ^ ] [C o (C 0 )^ ]2 .[X4] [C o (p p d ) g ] [C o (C O )^ ]2 [lA0
TABLE 3 PHENYLENEDXAMINE COMPLEXES OF ZINC
opd and mopd mpd and mmpd ppd and mppd
Z n (o p d )C X „ [4 ,5 (A ,H ) , 
3 3 (D ]  
Z n (o p d )6C l2 [ 4 ,5 (H ) ]  
2 n (o p d )2B r 2 [2 ]  
Sn (m opd )2B r 2 [2 ]  
2 n ( o p d ) 3B r 2 [ 4 ?5(A,H)] 
Zn(m opd)3B r 2 [2 ]
Z n (o p d )^ B r ? [ 2] 
Z n (o p d )3 I 2[ 2 ,4 ,5 (A ,H ) ]  
Z n ( o p d ) 4 , 3 ( H) ]  
Sn (o p d ) 2S 0^[ 4] 
Z n (o p d )4 (C10Zi) 2[4 ]
Z n (m p d )C l0 [ 3 3 ( I ) ]  Z n (p p d )C l2 [ 3 3 (A ) ,3 3 (1 ) ]
Z n ( mmp d ) C12 [ 1 0 ]  Z n (ra p p d )C l2 [ 1 0 ]
Zn(m pd) ^ ^
Z n (m m p d ) B r 2 [10]
Zn(mpd) gSO^C 33 ( D ]  Z n (p p d )S0 ^ [ 33 (X ) ]
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T A B L E  k  P H E N Y L E N E D I A M I N E  C O M P L E X E S  OF C A D M I U M
opd and mopd mpd and tncipd ppd and mppd
2L — 2 L VJ _ _ ,  C d ( p p d ) C l 2 [ 6 , 2 7 ( D )
2 7 ( D ) , 3 3 ( 1 ) ]  2 7 ( D ) ,  33 (0 ]  " 3 f t  3 8 ,  33 ( I ) ]
C d (o p d )C l [4 (A )  , 1 8 (C ) , C d (tap d )C l0 [6 ,2 1
( )
C d (o p d )2C l2 [ 2 ,4 (A ) ,
1 8 ( c ) , 3 3 ( 1 ) ]
C d (o p d )B r 2 [ 2 , 6 , 1 8 ( c ) , C d (m p d )B r2 [ 6 , 9] 
2 7 (D )]
Cd (opd ) 2Br'2C 1 8 (C ) , 2? (D)] Cd(jainpd)Br2[ 9 ] 
Cd(raopd) 0B r 0 C2] Cd(mmx3d ) B r d2H „0 [ 9]Mi Mi M Mt
Cd(m opd)AB r 2 [ 2]
C d (o p d ) I2 C e ,1 8 (C ) , 27 (D )]C d (m pd)I [ 6 ]
Cd (m m pd)I„C 9 ]Mi
Cd(opd ) I  [ 1 8 (C ) , 27(D )] Cd(m m pd)Id2H 0 C9]
C d (o p d )p SO .[ 4 ( A ) , 6]  C d (rapd )S0^ [27(D ) ]
Cd (opd ) 2S0^H20[ 1 8 (C )]  Cd(mpd) SO ^H gO t 34]
Cd(rnpd)gSO^E 3 3 (1 ) ]
Cd (opd ) SO^C4]
Cd (opd ) S0^H? 0 [1 8 (C ) ]
C d (o p d )2 (N03 ) 2 [ 6 , l8 (C f l  C d (m rapd )(N 0 ,)oC9]
Cd(m opd)2 (N03 ) g[ 9]
C d (o p d )2 (N C S )2C 1 8 (C )]
3 ' 2
Cd(m pd)3 (N03 ) 2[ 6]
C d (p p d )2C122HC1[34]
C d (px .d )B r2[6 ]
C d (m ppd )Br2C 9 ]
C d (p p d ) I [6 ,3 8 (M .W ; ) ]
C d (m p p d )I0[ 9]
C d (p p d )S 0 ^ [6 ,33 ( I ) ,3 4 ]
Cd(ppd)2(N03) 2[6,38]
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T A B L E  5 P H E N Y L E N E D I A M X N E ^  C O M P L E X E S  O F  M E E C U R Y ( X I )
opd mpd ppd
H g (o p d )C lg ,1 9 [2 0 ] H g (m pd)C l [2 0 ] H g (p p d )C l2 [2 0 ]
H g (o p d )B r2 ,1 9 [2 0 ] Hg(m pd)„Br-2 [2 0 ] H g (p p d )B ra C2 0 ]
H g (o p d )(N 0 3 ) 2 [ 1 9 ] H g (p p d ) I2 [2Q ]
H g (o p d )(C 1 0 4 ) 2 [1 9 ] H g (p p d )(N 0 3 ) 2 [ 3 3 ( D ]
( a )  No com plexes o f m e th y l s u b s t i t u t e d  l ig a n d s
have  been re p o r te d *
TABLE 6 PHENYLENEDIAMINE COMPLEXES OF C O P P E R ( I I )
opd and mopd mpd and mmpd ppd and mppd
K
C u (opd )C XQ[4 ( A ) ]
A j
C u (o p d )C l2. H20 [4 ,8 ]  
C u (o p d )C l2 .E tO H C 15] 
Cu (raopd )C laE 9] 
C u ( o p d ) 2C l a[33(I)] 
C u(opd ) C l E tO H [15]
3£f
C u (m p d )C l2 2H20[ 8]
Cu( rampd) B r  [ 9] 
Cu( mpd) 8]C u (o p d )oS0fC4(A)]
C u (o p d )2S 0 *  h 2oC 4 ,7 ,
1 7 ]
Cu(opd) (NO ) [4 (A )  ,?]Cu(mpd) (NO ) [ 8] 
C ( » o p d ) !1O K 3 )a[9]
C u ( o p d ) 2 (EgI^)[ 16]
C u (p p d )C l29H? 0[ 8] 
C u (p p d )C l2 * E tO H [ l5 ] 
C u (m ppd )C lp [ 9 ]
C u ( m p p d ) B r 2 [9] 
C u ( p p d ) S O ^ [ 3 3 ( D ]
C u (p p d )(n o ^ )2 [ 8 ]
- 2 1
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TABLE 7 COMPLEXES OF PHBNYLSHBDIAMINBS WITH VARIOUS
METALS
opd ppd
C o H 1 ( opd) ^Cl^ [1 ] B e (p p d )C l [ 3 6 ]" di
CoX'l' ^ ( o p d ) 3 [1 ]
C o 1 1 1 ( opd) (NOrt.) n
J j & [1 ]
F ©I ^ ( o p d ) I g [  37] F e XX (p p d )X 2 [3 7 ]
[ F e I I (o p d )3] [ F e 3 (C O )l : l ] [2 2 ]
[G a I (o p d )0] [G a lA J-Cl
£•1
4]2 C 6H6 [ 2 6 ]
TTMn (opd ) C l^ [ 2 1 ] MnX I (o p d )C l0 [ 2 1 ]di
T X TT i  opd) C IJS tO A e [2 3 ] T i I 3: I (p p d )C l .StOA© [2 3 ]
T T T
\ r  ( o p d )2c i [2 4 ]
VV0 (o p d )C l [2 4 ]
¥V I (o p d )3 C l6 [2 5 ]
(b ) The o n ly  o th e r re p o r te d  mpd com plex ap p ea rs  to  be
T i I I I C l _ ( iap d )E tC A c  [2 3 ] .
B„ THE USE OF PH YSIC AL MEASUREMENTS IN  THE 
DETERMINATION OF THE STRUCTURE OF METAL COORDINATION COMPOUNDS
1* E le c t r o n i c  S p e c t ra
( i ) R u s s e ll Saund ers  C o u p lin g
E le c t r o n ic  s p e c t r a  of* t r a n s i t i o n  m e ta l io n s  r e s u l t  from  
e le c t r o n ic  t r a n s i t io n s  w i t h in  th e  in co m p le te  d ~ s h e l ls  o f  th e  
io n s*  I n  an in c o m p le te ly  f i l l e d  d«~she11 in t e r a c t io n  betw een  
e le c t r o n s  ta k e s  p la c e  and f o r  t h i s  re a so n  th e  s t a t e s  o f 
in d iv id u a l  e le c t r o n s  can n o t be d e s c r ib e d  by th e  u s u a l quantum 
num bers; n , 1, Et, and s a Russ e l l  Saunders  s t a t e s  make 
a llo w a n c e  f o r  th e  c o u p lin g  betw een  th e  o r b i t a l  a n g u la r  momenta 
and f o r  th e  c o u p lin g  o f th e  s p in  a n g u la r  momenta o f  in d iv id u a l  
e le c t ro n s ,,  A s e r ie s  o f  R u s s e l l  Saund ers  " te rm s "  a re  used  to  
d e s c r ib e  th e  c o n f ig u r a t io n  as a w h o le 0 The com p le te  sym bol 
f o r  an y  s t a t e  o f  a p a r t l y  f i l l e d  s h e l l  in c lu d e s ;
( a )  a c a p i t a l  l e t t e r  S , P , D, F , G, * * * „ * *
co rre sp o n d in g  to  v a lu e s  o f L , th e  n e t o r b i t a l  a n g u la r  momentum
of fha,
quantum n u m b e r^ co n f ig u ra t io n , o f 0 , X, 2 , 3 , 4, * * * „ ,  e tc *
(b )  a s u p e r s c r ip t  number r e p r e s e n t in g  th e  s p in  
m u l t i p l i c i t y ,  2S + 1, where S i s  th e  n e t s p in  a n g u la r  
momentum quantum number o f  th e  c n n f ig u r a t io n *
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g
F o r  in s t a n c e ,  f o r  the n i c k e l ( I I )  (d ) io n ,  m aking due
a llo w a n c e  f o r  the  o p e ra t io n  o f  the  P a u l i  e x c lu s io n  p r in c ip l e ,
th e  fo l lo w in g  R u s s e l S a u n d e r ’ s S ta te s  a re  p o s s ib le :-
1 ^ 1 ^  1 5 P D F and G
The r e l a t i v e  e n e rg ie s  o f  th e se  s t a te s  can be o b ta in e d  from
atom ic  s p e c t r a l  d a ta .
( i i )  S p e c t r a  o f  .O c ta h e d ra l N i c k e l ( I I )  Complexes
Under the  in f lu e n c e  o f  e l e c t r o s t a t i c  f i e l d s  o f  
o c ta h e d ra K O ^ ) , t e t r a h e d r a l t T ^ )  o r  lo w e r sym m etry p roduced  by 
th e  l ig a n d s  su rro u n d in g  th e  m e ta l io n ,  a l l  f r e e  io n  term s
h a v in g  L y  1 a re s p l i t in to two o r more s t a t e s ,  w h ich  a re
la b e l le d by sym bols h a v in g t h e i r o r ig in  in  group th e o ry ,
f o r  th e  n i c k e l ( I l )  (d 8 , .) xon m  an o c ta h e d ra l ( 0^ ) f i e l d :
1
s i
— 5, 1k lg
1d *A l g ’
1
2g *
1E , T . g 9 lg
— * 3t lg
% — * E g , 1-rp2g
3f \11- (l -_-n 1 rr'j 3A2 g ’
3t
Al g 9 5t 2 g
The dependence o f  the  degree o f s p l i t t i n g  on th e  
s t r e n g th  o f  the  l ig a n d  f i e l d  ( )  su rro u n d in g  th e  m e ta l io n
- 24 -
Q
may be re p re s e n te d  in  an O rg e l D iagram , e . g . , th e  d system
und er 0^ sym m etry i s  shown in  F ig ®  6 e
I t  has been found  by e x p e r im e n ta l s tu d y  o f e le c t r o n ic  
s p e c t r a  th a t  l ig a n d s  may be a rran g e d  in  a s e r ie s  a c c o rd in g  to  
t h e i r  c a p a c i t y  to  cause  d - o r b i t a l  s p l i t t in g ©  T h is  s p e c tro -
c h e m ic a l s e r ie s  f o r  th e  more common lig a n d s  i s :
I y B r  \ C l  SCN F ^  N O ^  /  KtyO SCN p y r i d i n e
N H^ ^ ethyl e n e  d i a m i n e  / S O ^ ”*/ d i p y r i d y l  / N 0 ~  ^  CN~* 0
E le c t r o n i c  s p e c t r a  r e s u l t  when i r r a d i a t i o n  w ith  l i g h t  
cau ses  e x c i t a t io n  o f  an e le c t r o n  from  a ground s t a t e  to a h ig h e r  
le ve l©  T h e o r e t i c a l l y ?  t r a n s i t io n s  betw een s t a t e s  w i t h in  the 
same d - s h e l l  a re  fo rb id d e n  by the  Laport©  s e le c t io n  r u l e j  
a b s o rp t io n s  a r i s in g  from  d-d t r a n s i t io n s  a re ?  t h e r e fo r e ,  
u s u a l l y  o f  weak in te n s it y ©  T r a n s i t io n s  to  e x c it e d  s t a t e s  w ith
p
th e  same sp in  m u l t i p l i c i t y  as the ground s t a t e  a re  some 10 
tim es  s t ro n g e r  th an  those to  s ta te s  w ith  d i f f e r i n g  quantum number® 
T h e re fo re ,  s p in  fo rb id d e n  t r a n s i t io n s  o n ly  p roduce  v e r y  weak 
a b s o rp t io n s ,  w h ich  a re  o f te n  masked by s p in  a llo w e d  bands©
In  th e  s p e c t ra  r e s u l t in g  from  the  n i c k e l ( I I )  io n  in  0^ 
sym m etry, th re e  s p in  a l lo w e d  bands a re  p re s e n t  as a r e s u l t  o f
- z ?  -
S 2F ig .6 ORGSL DIAGRAM FOR A d ION (N i"  ).
(The 1s s ta te  i s  at high energ ies and i s  om itted ).
5,000 10,000 20,000 
A  in  cm 1
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t r a n s i t io n s  from  th e  A2g g^ou^d s t a t e  to  o th e r  t r i p l e t  s t a t e s3
i  * e * j
3 a  (f)  » 3 T- ( F > < V2g 3,g
•z •*_
2 g (F )  + ^ F )  < V
3A?g(F) 3Xig(p) (xy
In  a d d it io n  v e r y  weak bands a re  sometimes d is c e r n a b le  r e s u l t in g
from  s p in  fo rb id d e n  t r a n s i t io n s  to  s in g le t  s t a t e s ,  e . g . ,
3V f) — > V D)
T e t r a h e d r a l  n i c k e l ( I I )  com plexes show c o n s id e r a b ly  
d i f f e r e n t  s p e c t ra  from  th e  o c ta h e d ra l com p lexes. In  t e t r a h e d r a l
com p lexes, a la c k  o f  a c e n t re  o f  symmetry cau ses  some m ix in g  o f
p and d o r b i t a l s ,  and th e re  i s  some breakdown o f  the  L a p o r te  
s e le c t io n  ru le #  C o n se q u e n tly  th e y  have much more in te n s e  
s p e c t r a ,  u s u a l l y  h a v in g  m o la r ab so rb an ces  (£ )  o f r^ 200 a t  th e  
peak o f  the  v i s i b l e  band, w hereas o c ta h e d ra l com plexes have 
£ v a lu e s  a t  the  peaks o f  o n ly  1-10# In  th e  s p e c t r a  o f
t e t r a h e d r a l  com plexes a v e r y  in te n s e  a b s o rp t io n  ap p ea rs  a t
— 1 — 1 abou t 1 5 , 0 C0 cm and a ls o  a second band a t  about 7 *000-8 ,000cm
i s  u s u a l l y  found# Square  p la n a r  low  sp in  n i c k e l ( I I )  com plexes
u s u a l l y  have in  t h e i r  s p e c t r a  a s in g le  medium in t e n s i t y  (£ "-v 6 0 )
— 1
b a n d  i n  t h e  r a n g e  2 4 , 0 0 0 - l 6 , 0 0 0 c m  o
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Thus h ig h  s p in  o c ta h e d ra l n i c k e l ( l l )  com plexes may 
r e a d i l y  be d is t in g u is h e d  from  t e t r a h e d r a l  and low  s p in  p la n a r  
com plexes by means o f  t h e i r  a b s o rp t io n  spectra©
A s tu d y  o f  e l e c t r o n ic  a b s o rp t io n  s p e c t r a  can  som etim es 
p roduce  u s e fu l  in fo rm a t io n  abou t the  mode o f  bond ing  o f  l ig a n d s  
to  m e ta l io n s ,  as in  th e  case  o f  d is t in g u is h in g  the mode o f  
c o o rd in a t io n  o f  th e  n i t r i t e  io n .  Two s e r ie s  o f  n i c k e l ( X I ) 
com plexes c o n ta in in g  the  c o o rd in a te d  n i t r i t e  io n  have been 
re p o r te d  [4 2 ]; 0 i n one s e r ie s  the  com plexes a re  b lu e  o r  g reen  
in  c o lo u r  w ith  s p e c t r a l  bands in  p o s i t io n s  com parab le  to th o se  
in  th e  h e x a q u o n ic k e l( I I ) io n *  The o th e r  s e r ie s  o f  com plexes 
a re  re d  w ith  s p e c t r a l  bands a t  much h ig h e r  energy© In  the 
b lu e  com plexes th e  n i t r i t e  i s  c o n s id e re d  to  be c o o rd in a te d  
th ro u g h  oxygen, i . e .  , M-0N09p ro d u c in g  a weak l ig a n d  f ie ld ©  In  
th e  re d  com plexes c o o rd in a t io n  v i a  n it r o g e n  i s  p roposed  
p ro d u c in g  a v e r y  s tro n g  f i e l d  c a u s in g  g r e a te r  l ig a n d  f i e l d  
s p l i t t i n g ,  and a b s o rp t io n  bands a t  h ig h e r  e n e rg y Q
( i i i ) T e t ra g o n a l D i s t o r t io n  in  N i c k e l ( I I )  Com ijlexes
In  com plexes o f  th e  typ e  [M A^B^ ], where the  m onodontate 
l ig a n d s  A and B d i f f e r  in  t h e i r  p o s i t io n s  in  th e  s p e c tro c h e m ic a l 
s e r i e s ,  t e t r a g o n a l  d i s t o r t io n  o c c u rs  and th e re  i s  a lo w e r in g  o f
sym m etry from  0^ - w h ich  cau ses  f u r t h e r  s p l i t t i n g s  o f  th e  f r e e  
io n  terms#
o f
A
B A
A » /' A —I--B
/  “  /  L-- ■ /A /  M /A----f— taA
( I )  ( I I )
sym m etry, and s p l i t t i n g  o f  s t a t e s  w h ich  i s  u s u a l l y  s u f f i c i e n t  to
g iv e  s p l i t t i n g  o f  bands in  th e  t r a n s  case  o n ly#  F o r  n i c k e l ( l l )
f u r t n e r  s p l i t t i n g  o f  the  t r i p l e t  l e v e l s  o c c u rs  a c c o rd in g  to  th e  
f o l lo w in g  p a t t e r n ;-
%
5v >  --------------->
\
5T 2 s (F) --------- *
f t s <F)  >  \ s
As a r e s u l t  o f  t r a n s i t io n s  from  th e  *^ B . ground s t a t e
X  JL,
to  th e  re m a in in g  t r i p l e t  s t a t e s ,  s p l i t t i n g  o f  th e  th re e  s p in  
a llo w e d  bands in to  two components each  i s  thus p red ic ted ©
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S p l i t t i n g s  o f  the  ^ 2 and V a b s o rp t io n  band canno t 
u s u a l l y  be o b se rved  e x p e r im e n ta l ly  u s in g  n o n - p o la r is e d  l i g h t ,  
a lth o u g h  s p l i t t i n g  o f  %  has r e c e n t ly  been re p o r te d  f o r  some 
n i c k e l ( X I )  com plexes w ith  h e t e r o c y c l i c  am ine l ig a n d s  [4 0 ] c 
A s p l i t t i n g  o f  \>  ^ i s  o f t e n  o b se rved , how ever, the  two components 
a r i s in g  from  tile  t r a n s i t io n s ;
(^A ( F )  ) — > (^T ( F ) )l g v 2gV ) }  n2 0  2 0  } }
3 B,1 ( 3 A ( ¥ ) )   k  3E ( 3T 0 ( F ) )lg  2g g 2g
S e p a ra te  components o f  the  \) n and V  bands have a ls o  
• been  re p o r te d  in  s in g le  c r y s t a l  s p e c t ra  em p loy ing  p a r a l l e l  and 
p e rp e n d ic u la r  p la n e  p o la r is e d  l i g h t  [4 1 ] 0
In  h ig h  s p in  n i c k e l ( I I )  com plexes a s p l i t t i n g  o f  the  \)  ^
a b s o rp t io n  band can  u s u a l l y  be reg a rd ed  as in d i c a t i v e  o f  a 
t r a n s  c o n f ig u r a t io n © Thus u s in g  t h is  c r i t e r i o n ,  the  e th y le n e  
d iam ine  com p lexes, [N ie n ^  (NO^) and [N ie n ^ K ^ O ) (C IO ^ )  ^ have
been a s s ig n e d  t r a n s  c o n f ig u r a t io n s  [4-2,4j[U to e  absence c f  
s p l i t t i n g ,  how eve r, does n o t n e c e s s a r i l y  in d ic a t e  a c i s  
c o n f ig u ra t io n ^  th u s  th e  ammonia com plex [N i(N H ^ ) ^ ( N C S ) w h i c h  
has been shown by X - ra y  w ork to  have a t r a n s  c o n f ig u r a t io n  [4 4 ] ,  
g iv e s  an e le c t r o n ic  spectrum  in  w h ich  no s p l i t t i n g  o f  A)  ^ i s  
d e te c ta b le  [ 4 l ]  , p ro b a b ly  because o f  the s i m i l a r i t y  in  th e
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l ig a n d  f i e l d  p roduced  by b o th  ammonia and i s o th io e y a n a t  +& 
l ig a n d s  « In  the spectrum  o f  th e  co m p lex ^ [N ien 2 (H^O) 23 (B 0 ^ )2 £43j q 
th e  s in g le  b ro a d })  ^ a b s o rp t io n  band may be tak e n  as in d i c a t i v e  
a cd-s c o n f ig u r a t io n  b ecau se , by c o n t r a s t ,  the  s p l i t t i n g  o f  
in  th e  t r a n s  com plex i s  q u ite  pronounced®
2 a in f r a r e d  S p e c t ra  
( )  The O r ig in  o f  In f r a r e d  S p e c t ra
A b s o rp t io n s  in  th e  in f r a r e d  re g io n  o f  the  e le c t ro m a g n e t ic  
spectrum  r e s u l t  from  th e  in t e r a c t io n  betw een in f r a r e d  r a d ia t io n  
and the  v ib r a t io n s  o f  th e  c o n s t i t u e n t  atoms in  a m o le c u le . The 
number o f  the  d eg rees  o f  v i b r a t i o n a l  freedom  o f  a n o n - lin e a r  
p o ly a to m ic  m o le cu le  c o n ta in in g  N atom s, where a l l  th e  atoms 
a re  m oving in  phase ( i . e .  fa norm al mode1) i s  3N-6. O n ly  th o se  
modes w h ich  b r in g  about an a l t e r a t io n  o f  the  d ip o le  moment 
d u r in g  the  v ib r a t io n s  a re  . in f r a r e d  a c t i v e .  Modes w h ich  b r in g  
about changes in  the  p o l a r i s a b i l i t y  o f  the  m o le cu le  a re  Raman 
a c t i v e «
( i i )  The C o o rd in a t io n  o f  A n ions
F o r  com plexes c o n ta in in g  p o ly a to m ic  a n io n s , th e  in f r a r e d  
a b s o rp t io n s  a s s o c ia te d  w ith  the  a n io n s  can  o f te n  p ro v id e  a
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u s e fu l  means o f  d e te c t in g  c o o rd in a t io n ,.  On c o o rd in a t io n  t iie  
r e d u c t io n  o f sym m etry o f  th e  an io n  may l i f t  th e  d eg en e racy  o f  
c e r t a in  modes c a u s in g  th e  s p l i t t i n g  o f  in f r a r e d  b an d s ,an d  o th e r  
modes p r e v io u s ly  o n ly  Raman a c t i v e  may become in f r a r e d  a c t iv e ®
In  the  p la n a r  n i t r a t e  io n  sym m etry) c o o rd in a t io n  to  -a m e fa l
th ro u gh  one oxygen atom cau ses  lo w e r in g  o f sym m etry to  C ®
ti*  V
The e f f e c t  o f  t h i s  sym m etry lo w e r in g  on the in f r a r e d  a b s o rp t io n s  
can  be p r e d ic t e d  by th e  use o f  group th e o ry .  A p p ro p r ia te  group 
t h e o r e t i c a l  r e p r e s e n ta t io n s  a re  a s s ig n e d  to the  norm al modes, 
and the  e f f e c t  o f  sym m etry lo w e r in g  on th e se  can  be d e te rm in ed  
by th e  use o f  c o r r e l a t io n  t a b le s .  W hether modes a re  Raman 
o r  in f r a r e d  a c t i v e  can  a ls o  be d e te rm in ed  from  group t h e o r e t i c a l  
c o n s id e r a t io n s .
T a b le  8*
P o in t  Group A %
D3h X'k (R ) A _ ( I ) E( I , R ) S ( I , R )
°2 v A ^ K j R ) B 1(X ,R ) a 1( i , r )+b 2 ( x , r ) a 1( i , r )+ b 2 ( i , r )
T a b le  80 shows th e  c o r r e la t io n  t a b le  f o r  1%^ and Cgy® 
Under sym m etry fo u r  no rm a l modes a re  p r e d ic t e d  f o r  th e
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en i t r a t e  io n  ~ (s ym m e tr ic  s t r e t c h ) ,  V (o u t  o f  p la n
defo rm ation ), (d o u b ly  d e g en e ra te  asym m eti'ic  s t r e t c h )  and
(d o u b ly  d e g e n e ra te  in - p la n e  bend ing )#  O f th e se  th e  1 and
^ 3
V4 modes a re  in f r a r e d  a c t i v e  and th e  and 7% modes Raman
a c t i v e .  Under v  sym m etry th e  %  mode becomes in f r a r e d  
a c t i v e  and th e  d eg en e ra cy  o f  the and J ^  modes i s  l i f t e d #
Thus, in  com parison  to  io n ic  n i t r a t e ,  c o o rd in a te d  (m onoden ta te ) 
n i t r a t e  w ou ld  be ex p ec ted  to  d is p la y  th re e  e x t r a  in f r a r e d  bands# 
These p r e d ic t io n s  a re  bo rn  ou t by the  e x p e r im e n ta l -study on 
a la r g e  number o f  n i t r a t e  com plexes [42 ,453*
The p o in t  group f o r  b id e n ta te  n i t r a t e  (c o o rd in a te d  
th ro u g h  two oxygens) i s  a ls o  In f r a r e d  .s tu d ie s  on compounds
shown to  c o n ta in  b id e n ta te  n i t r a t e  by o th e r  p h y s ic a l  m ethods, 
in d ic a t e  t h a t  b id e n ta te  n i t r a t e  g iv e s  a s im i l a r  p a t t e r n  o f  
in f r a r e d  a b s o rp t io n s  to  th o se  p roduced  by m onodentate n i t r a t e ,  
a lth o u g h  c e r t a in  s h i f t s  a re  o b se rved  [42]*, 0
A s im i la r  ap p roach  may be em ployed f o r  d e te c t in g  
c o o rd in a t io n  o f  s u lp h a te  and o th e r  t e t r a h e d r a l  (T ^ ) an io n s*  On 
m onodentate c o o rd in a t io n  ( i i ) ,  th e  sym m etry o f  th e  u n c o o rd in a te d  
s u lp h a te  io n  ( i )  i s  red u ced  from  T^ to  C^v 0 W ith  b id e n ta te  
s u lp h a te  ( c h e la t in g  ( i i i )  o r  b r id g e d  ( i\ r ) )  th e  sym m etry i s
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f u r t h e r  l o w e r e d  to
D
Q
C < -o 
(1)
M - 0  o
V
(11)
0
M
2 \
0 v
\  /  
s
o-f - 0
(iii)
M-0
\
\
S
o - ^  
( i v )
0 - K
T a b le  9
!
P o in t  Group V 1 05 S a 4
Td A t (a ) e ( r ) f 2 ( i , r ) F 2 ( I , R )
. c 3v A j/ I j R) E ( I , R ) A1( I , R ) + E ( I , R ) A j^ d ^ J+ s C l jR )
o CO <1 A1 ( I , R ) A1( I ,R )+ A 2 (R ) A1( I , R ) + B 1( I , R )
+b 2 ( i , r )
A1( I , R ) + B 1 ( I , R )  
+B ( I , R )
Em p lo y ing  th e  c o r r e l a t io n  ta b le  f o r  T^ , and Cgv
(T a b le  9©)? t s  e v id e n t  t h a t  s p l i t t i n g  o f  d e g e n e ra te  modes and
a c t i v a t i o n  o f  p r e v io u s ly  in f r a r e d  in a c t i v e  modes o ccu rs  on
co o rd in a t io n ©  F o r  T sym m etry o n ly  the  t r i p l y  d eg en e ra te  V«,
a 3
(a sym m etr ic  s t r e t c h )  and 1% ( asy ijim etrie  bend) modes a re  in f r a r e d  
a c t i v e ,  w h i l s t  th e   ^ (s ym m etr ic  s t r e t c h )  and %  (^ sym m etric  
bend) modes a re  Raman a c t iv e ©  In  compounds c o n ta in in g
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m onodentate s u lp h a te  (C ^ . )  the  Y)^  and modes now become 
in f r a r e d  a c t i v e  and th e  p a r t i a l  l i f t i n g  o f  th e  d eg en e racy  o f  
th e  )} ^  and modes cau ses  s p l i t t i n g  o f  th e se  in to  two 
components e a ch . W ith  b id e n ta te  o r  b r id g in g  s u lp h a te  ( C ^ ) ,  
the  %  and inodes rem a in  in f r a r e d  a c t i v e ,  and the, d eg en eracy  
o f  the  »•% and '• ^ modes i s  c o m p le te ly  l i f t e d  w ith  th e  r e s u l t  th a t  
each  o f  th e se  modes i s  s p l i t  in to  th re e  com ponents. Thus f o r  
m onodentate s u lp h a te  fo u r  e x t ra  in f r a r e d  bands a re  p r e d ic te d  
(com pared to  th e  f r e e  i o n ) , and s ix  e x t ra  in f r a r e d  bands a re  
p r e d ic te d  f o r  b id e n ta te  su lp h a te®  In f r a r e d  s p e c t r a  o f  a 
number o f  com plexes c o n ta in in g  s u lp h a te  have co n firm ed  th e se  
p r e d ic t io n s  [4 6 ] ©
A s im i la r  t re a tm e n t may be a p p lie d  to  o th e r  t e t r a h e d r a l  
a n io n s . In f r a r e d  s p e c t r a  com parab le to th o se  found  f o r  the  
f r e e  io n ic  s u lp h a te  and f o r  c o o rd in a te d  s u lp h a te ,  a re  found  
f o r  f r e e  and c o o rd in a te d  p e r c h lo r a te s  [ 4 ? , 48] , 
t e t r a f lu o r o b o r a t e s  [ 49 ] , and s e le n a te s  [ 50 ] ®
In  th e  case  o f  some a n io n s  ( e . g . ,  n i t r i t e ,  t h io c y a n a te )  
the  symmetry p o in t  group i s  n o t changed on c o o rd in a t io n ,  and so 
new in f r a r e d  bands a p p e a r . However, c e r t a in  s h i f t s  o f  bands 
u s u a l l y  o c c u r  and th e se  o f te n  p ro v id e  u s e f u l  in fo rm a t io n  as to
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th e  mode o f  c o o rd in a t io n  o f  th e  anion© The in f r a r e d  s p e c t r a  
o f  c o o rd in a te d  n i t r i t e  and th io c y a n a te  io n s  a re  f u r t h e r  d is c u s s e d  
in  S e c t io n  IV  0
( i i i )  In f r a r e d  S p e c t ra  o f  Amine L ig an d s
C o n s id e ra b le  changes ta k e  p la c e  in  the  in f r a r e d
s p e c t r a  o f  am ines when th e y  a re  c o o rd in a te d  to  a m eta l#  C f
th e se  changes, s h i f t s  iu- M  s t r e t c h  and C-N s t r e t c h  bands have
p ro ved  u s e fu l  in  d e t e c t in g  c o o rd in a t io n *  S m a ll s h i f t s  to  lo w e r
en e rg y  have been r e p o r te d  in  th e  C-N s t r e t c h  a n d  N-H s t r e t c h
bands on c o o rd in a t io n  o f  a l i p h a t i c  am ines [ 51 3 o, bu t
c o n s id e r a b ly  g r e a t e r  s h i f t s  have been re p o r te d  f o r  a ro m a tic
am ines * S tu d y in g  a s e r ie s  o f  a n i l i n e  com plexes Ju n g b au e r
— 1and C u rran  [5 2 ] have re p o r te d  d e c re a se s  o f  up to  250cm in
th e  a s s y m e tr ic  N-H s t r e t c h  f r e q u e n c ie s ,  and co rre s p o n d in g
-1d e c re a se s  in  the  C-N s t r e t c h  fre q u e n c y  o f  up to  6 0 cm *
B a rv in o k  [5 3 ] has su g g ested  two p o s s ib le  f a c t o r s  in f lu e n c in g  
th e  fo r c e  c o n s ta n t  o f  th e  N-H bond in  m e ta l a n i l i n e  com plexes®
(a )  The w ith d ra w a l by the  in e ta l o f  an u nshared  p a i r  o f  
e le c t r o n s  from  th e  n it r o g e n  atom r e s u l t s  in  the p ro d u c t io n  o f  
a p o s i t i v e  ch arg e  on th e  n it r o g e n .  The N-H s t r e t c h in g  modes 
th u s  ta k e  p la c e  und er a c o n d it io n  o f  reduced  e le c t r o n  d en s ity©
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(b )  Complex fo rm a t io n  causes a change in  th e  h y b r id is a ­
t io n  o f  the  n it r o g e n  b a n d s . N o rm a lly  the  u nshared  p a i r  o f  
e le c t r o n s  on th e  n it r o g e n  atom in  the  a n i l i n e  m o le cu le  
i n t e r a c t  a w ith  th e  system  o f  co n ju g a te d  bonds in  the  a ro m a tic  
r in g ,  the  N-C bond, th u s  a q u ir in g  c o n s id e ra b le  doub le  bond 
c h a r a c t e r  *
Becau se  o f  the  fo rm a t io n  o f  the  second  bond th e  n it r o g e n
3 2atom moves to  some e x te n t  from Sp h y b r id is a t io n  to  sp h y b r id is a ­
t io n ,  the  in c r e a s e  in  th e  p a r t  p la y e d  by s o r b i t a l s  in  the  
fo rm a t io n  o f  N-H bonds th u s  le a d in g  to  an in c r e a s e  in  the  
co rre sp o n d in g  f o r c e  c o n s ta n t . When the  amino group i s  c o o rd in a te d  
to  th e  m e ta l atom , how eve r, the  unshared  p a i r  o f  e le c t r o n s  i s
em ployed in  bond fo rm a t io n  as a r e s u l t  o f  w h ich  th e  N-C bond
2lo s e s  i t s  doub le  bond c h a r a c t e r  and sp h y b r id i s a t io n  becomes 
im p o s s ib le  * These changes le a d  to a d e c re a se  in  th e  p a r t  
p la y e d  by s o r b i t a l s  in  th e  fo rm a t io n  o f  N-H bonds, and hence 
to  a d e c re a se  in  th e  f o r c e  c o n s ta n t*
I t  i s  l i k e l y  t h a t  the  d ec rease  in  C-N s t r e t c h  fre q u e n c y  
on c o o rd in a t io n  i s  l a r g e l y  acco u n ted  f o r  by th e  d e c re a se  in  
bond o rd e r ,  the  re a so n  f o r  w h ich  has a l r e a d y  been d iscu ssed #
The s tu d y  in  s h i f t s  in  N-H s t r e t c h  f r e q u e n c ie s  has been
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em ployed by B a rv in o k  and Bu k h a reva  C 33 J f o r  d e te c t in g  
c o o rd in a t io n  in  a s e r ie s  o f  p h en y len ed iam in e  com plexes, and, 
in  c o n ju n c t io n  w i t h  a s tu d y  o f  C~N s t r e t c h  f r e q u e n c ie s ,  i s  
em ployed f o r  a s im i la r  pu rpose in  t h is  work®
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C© REASONS FOR UNDERTAKING PRESENT WORK
A lth o u g h  th o  w ork o f  H ie b e r  (s e e  p . 4 ) had su g g ested  
th e  p resen ce  o f  m onodentate cy-phenylened iam ine in  most o f  th e  
com plexes t h a t  he s tu d ie d ,  v e r y  few  a tte m p ts  have s in c e  been 
made to  v e r i f y  h i s  c o n c lu s io n s  u s in g  p h y s ic a l  techn iques©
M o reo ve r r e c e n t  w ork  su g g es ted  r e s u l t s  w h ich  w ere som etim es in  
d i r e c t  c o n f l i c t  w ith  th o se  o f  H ie b e r  and, i n  f a c t ,  som etim es 
a t  v a r ia n c e  w ith  one another©  I t  was th e r e fo r e  d ec id ed  to  p re p a re  
a number o f  CGJiplexea of o-phenylenediemin.e and o f  th e  r e la t e d  
compound 4 - m e th y l- o - p h en y len ed iam in e , and to  s y s t e m a t ic a l l y  
check  and extend  th e  c o n c lu s io n s  o f  H ie b e r  u s in g  a ran g e  o f 
p h y s ic a l  te c h n iq u e s , p a r t i c u l a r l y  th o se  d e s c r ib e d  in  th e  
p re v io u s  section©  The em phasis in  th e  w ork  was p la c e d  on 
n i c k e l ( I I )  com plexes as  t h e i r  e l e c t r o n ic  s p e c t ra  a re  in  g e n e ra l 
w e l l  u n d e rs to o d , and i t  was hoped to  g a in  u s e f u l  in fo rm a t io n  
about th e  s te r e o c h e m is t r y  o f  th e  com plexes from  such  spectra©
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S E C T I O N  I I  
EXPERIM ENTAL METHODS
1 o P u r i f i c a t i o n  o f  t h e  Cosnpou n d s  U s e d  a s  L:Lg a u d s
( a )  O rth o - p h e n y len ed iam in e
The compound o «p h en y len ed iam in e  (B .D .H ®  - L a b o ra to r y  
R e ag en t) was r e c r y s t a l l i s e d  tw ic e  from  h o t w a te r  in  th e  
p re se n ce  o f  d e c o lo r is in g  c h a r c o a l and sodium d it h io n a t e  to  
m in im ise  o x id a t io n  f o l lo w in g  the method d e s c r ib e d  in  
"O rg a n ic  S y n th e s e s "  [  54 ] 0
In  a t y p i c a l  b a tc h  r e c r y s t a l l i s a t i o n  jD -phenylened iam ine 
( 8 0g) was d is s o lv e d  in  b o i l in g  w a te r  (300m l) c o n ta in in g  
sodium d it h io n a t e  (4 g ) and d e c o lo r is in g  c h a r c o a l (ca®l*-5s)©
The su sp en s io n  was f i l t e r e d  and the  c o lo u r le s s  f i l t r a t e  
c o o le d  in  an ic e  b a th  f o r  h a l f  an h o u r. The r e s u l t in g  
c r y s t a l s  o f  the  d iam ine  w ere f i l t e r e d  o f f  a t  the  pump, and 
washed w ith  a l i t t l e  ic e - c o ld  w a te r .  The p ro ced u re  was 
re p e a te d  a second tim e  and th e  r e s u l t in g  g l is t e n in g  w h ite  
p l a t e l e t s  o f  d iam ine  w ere d r ie d  in  vacuo 0 The compound 
rem ained  s t a b le  f o r  s e v e r a l  months i f  i t  was s to re d  in  a d ry  
atm osphere 0
( b ) 4-M ethy1-0rth o - p h e n y le n e d ia m in e
The compound 4 - m eth y l—o-p h en y len ed iam in e  (A ld r ic h  
C h em ica l Company, I n c e) was r e c r y s t a l l i s e d  from  h o t w ate r®
— 4x —
I n  a t y p i c a l  b a t c h  r e c r y s t a U i s a t i o n  th e  d iam ine  ( lO g ) 
was d is s o lv e d  in  b o i l in g  w a te r  ( 170ml) in  th e  p re se n ce  o f  
d e c o lo r is in g  c h a r c o a l ( c a « l g ) 0 The h o t su sp en s io n  was 
f i l t e r e d  d i r e c t l y  in t o  a b e a k e r co o led  in  an ic e - b a th ,  The 
r e s u l t a n t  f i n e l y  d iv id e d  w l i i t e  powder, was f i l t e r e d  o f f  a t  the  
pump, washed w ith  a l i t t l e  ic e - c o ld  w a te r  and d r ie d  in  vacuo®
No d i t h io n a t e  was used  in  t h i s  p ro ced u re  as th e  f i n e l y  
d iv id e d  powder tended  to  r e t a i n  a c o n s id e ra b le  p ro p o r t io n  o f 
m other l iq u o r  on c r y s t a l l i s a t i o n ,  and, even  a f t e r  w ash in g , 
th e re  was danger o f  some in o rg a n ic  m a te r ia l  re m a in in g  adso rbed  
on the  d iam ine  ©
W h i ls t  damp th e  4 - m eth y l-o -p h en y len ed iam ine  tended  to  
form  t r a c e s  o f  a b lu e  o x id a t io n  p ro d u c t so th a t  th e  f i n a l  
p ro d u c t tended  to have a b lu e  t in g e#  Once d ry ,  how ever, th e  
l ig & n d  rem ained  s t a b le  f o r  s e v e r a l  months©
( c ) P a ra - p h e n y le n e d ia m in e
The compound jD-phenyl ene d iam ine  ( B #D ,H #- L a b o ra to ry  
R e ag en t) was r e c r y s t a l l i s e d  by an e x a c t ly  an a lag o u s  method to  
t h a t  used  f o r  th e  o-pheny lened iam ine#
In  a t y p i c a l  b a tc h  r e c r y s t a l l i s a t i o n  th e  d iam in e  (24g ) 
was r e c r y s t a l l i s e d  from  b o i l in g  w a te r  ( 150ml) c o n ta in in g  sodium  
d it h io n a t e  (2®4g) and d e c o lo r is in g  c h a rc o a l (c a # lg )®
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Some o f  th e  compounds needed f o r  the  p re s e n t  work w ere 
p re p a re d  by the  methods d e s c r ib e d  b e lo w e The p r e p a r a t io n  o f  
a l c o h o l i c  s o lu t io n s  o f  n i c k e l  io d id e ,  n ic k e l  th io c y a n a te  and 
n ic k e l  n i t r i t e  fo l lo w e d  the  methods d e s c r ib e d  by Goodgame and 
V e n an z i [5 3  ]  ,
( a )  N ic k e l  Io d id e
N ic k e l  n i t r a t e  ( l l© 7 g  o f  h e x a h yd ra te ) d is s o lv e d  in  
e th a n o l (30m l) was added w ith  s t i r r i n g  to  an e th a n o l ic  s o lu t io n  
( 60m l) o f  sodium io d id e  ( l3 a 0 g ) o The su sp en s io n  was co o le d  
in  an ic e  b a th  f o r  13 m in u tes  and the r e s u l t in g  c r y s t a l s  o f  
sodium  n i t r a t e  w ere  f i l t e r e d  o f f 0 The f i l t r a t e ,  e th a n o l ic  
n i c k e l  io d id e ,  was r e t a in e d  f o r  im m ediate use©
( b ) N ic k e l  T h io c y a n a te
N ic k e l  n i t r a t e  (4®36g o f  h e x a h yd ra te ) d is s o lv e d  in  
e th a n o l (12m l) was added to  an e th a n o l ic  s o lu t io n  (3 ?m l) o f  
sodium th io c y a n a te  (5*00g)©  The su sp en s io n  was co o le d  in  an 
i c e  b a th  f o r  15 m in u tes  and th e  r e s u l t in g  c r y s t a l s  o f  sodium  
n i t r a t e  w ere f i l t e r e d  off©  The c le a r  em era ld  g reen  f i l t r a t e ,  
e th a n o l ic  n i c k e l  t h io c y a n a te ,  was r e t a in e d  f o r  im m ed iate  use*
2 © P r e p a r a t i o n  o f  the M e t a l l i c  S a l t s
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( c ) N ic k e l  N i t r i t e
N ic k e l  n i t r a t e  (5®82g o f  h e x a h yd ra te ) d is s o lv e d  in  
15ml o f  m ethano l was added w i t h  s t i r r i n g  to  a m e th a n o lic  
s o lu t io n  ( 130ml) o f  sodium  n i t r i t e  (3 » 5 8 g )P The c o n ic a l  f l a s k  
c o n ta in in g  th e  m ix tu re  was co o le d  in  a Dewar f l a s k  c o n ta in in g  
a s l u r r y  o f  s o l id  ca rb o n  d io x id e  in  a ce to n e , and the r e s u l t in g  
c r y s t a l s  o f  sodium n i t r a t e  w ere  f i l t e r e d  o f f .  The o l i v e  g reen  
f i l t r a t e ,  m e th a n o lic  n i c k e l  n i t r i t e ,  was r e t a in e d  f o r  im m ed iate  
use *
( d) N ic k e l ,  C o b a lt ,  Z in c ,  and Copper S e le n a te s
Aqueous s o lu t io n s  o f  n i c k e l ,  c o b a lt ,  z in c  and copper 
s e le n a te s  w ere p re p a re d  by the  g ra d u a l a d d it io n  o f  a s l i g h t  
ex cess  o f  th e  r e s p e c t iv e  m e ta l ca rb o n a te  to  d i lu t e d  s e le n ic  a c id  
(approx# 30% w /w )© When e f fe r v e s c e n c e  had su b s id e d , the  
m ix tu re  was b o i le d  to  remove ca rbon  d io x id e  from  the  s o lu t io n ,  
and excess  o f  th e  m e ta l c a rb o n a te  was f i l t e r e d  o f f#  The s a l t s  
w ere  used  e i t h e r  in *aq u eo u s  s o lu t io n ,  o r ,  i f  th e  m a te r ia l  
was r e q u ir e d  in  the  s o l id  s t a t e  th e  aqueous s o lu t io n  was t r e a t e d  
w ith  a ce to n e*  The p r e c ip i t a t e d  h y d ra te d  s a l t  was f i l t e r e d  o f f  
a t  th e  pump and d r ie d  betw een  f i l t e r  p a p e rs .
44 *~
( e ) Copper F lu o ro b o ra te
An aqueous s o lu t io n  o f  copper f lu o ro b o r a te  was p re p a re d  
by a s im i la r  method to  th o se  used  f o r  the s e le n a te s  above©
3® A n a l y t i c a l  Methods
( i ) D e te rm in a t io n  o f  th e  M e ta l
In  e v e ry  d e te rm in a t io n  i t  was n e c e s s a ry  to remove a l l  
o rg a n ic  m a t e r ia l  b e fo re  p ro ce e d in g  to  th e  a n a ly s is  f o r  th e  m e ta l*  
A w e ighed  sam ple ( 0 el “ 0 o2g) o f  th e  com plex was t r e a t e d  w ith  a 
m ix tu re  o f  c o n c e n tra te d  s u lp h u r ic  a c id  (8 m l) ,  n i t r i c  a c id  (6 m l) 
and p e r c h lo r ic  a c id  ( 1 m l)Q The r e s u l t a n t  m ix tu re  was e va p o ra te d  
c a t i t io u s ly  to  d ryn e ss  on an e l e c t r i c  h e a te r .  T h is  u s u a l l y  
r e s u l t e d  in  the  com p le te  e l im in a t io n  o f  a l l  o rg a n ic  m a t e r ia l .  
How ever, i f  some c h a r r in g  rem a in ed , th e  above p ro ced u re  was 
re p e a te d  u s in g  one t h i r d  o f  the  volum e o f  th e  p re v io u s  a c id  
m ix tu re .  The in o rg a n ic  r e s id u e  was th en  d is s o lv e d  in  warm 
w a te r  p r io r  to  a n a ly s is  by s ta n d a rd  te c h n iq u e s . In  some ca se s  
th e  in o rg a n ic  re s id u e  from  a n ic k e l  com plex was in s o lu b le  in  
w a te r  and f i r s t  had to  be t r e a t e d  w ith  a l i t t l e  aqua r e g ia  
b e fo re  a t te m p t in g  to  d is s o lv e  i t  in  w ate r®  The in o rg a n ic  
re s id u e s  from  the  c o b a lt ,  z in c  and copper com plexes w ere u s u a l l y  
r e a d i l y  s o lu b le  in  w a te r .
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Where com plexes  c o n t a in e d  f l u o r o b o r a t e ,  the i n o r g a n i c  
r e s i d u e  o b t a in e d  a f t e r  e v a p o r a t i n g  the m ix tu re  o f  a c i d s  and  
com plex  to  d ry n e s s  was h e a t e d  w i t h  m ethano l  and c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  to remove b o ro n  as  v o l a t i l e  methyl b o r a t e , 
o t h e r w i s e  i n s o l u b l e  m e ta l  b o r a t e s  w o u ld  i n t e r f e r e  w i t h  the  
su b se q u e n t  m e ta l  a n a ly s e s ©
( a )  A n a l y s i s  f o r  N i c k e l
N i c k e l  wa s d e t e rm in e d  g r a v i m e t r x c a l l y  a s  the d im e th y l  
g ly o x im a t e  u s i n g  the s t a n d a r d  t e c h n iq u e  d e s c r i b e d  by  
V o g e l  [  56 20
( b )  A n a l y s i s  f o r  C o b a l t
C o b a l t  was d e te rm in e d  g r a v i m e t r i c a l l y  as  the p y r i d i n e  
t h i o c y a n a t e  com p lex .  The t r a c e  o f  a c i d  s t i l l  p r e s e n t  f rom  
the  p r e l i m i n a r y  t re a tm e n t  o f  the complex  was n e u t i ' a l i s e d  by  
p y r i d i n e  i n  the  c o u r s e  o f  the  a n a l y s i s  u s i n g  the  t e c h n iq u e  
d e s c r i b e d  by  V o g e l  *
( c ) A n a l y s i s  f o r  Z in c
The s l i g h t l y  a c i d  aqueous  s o l u t i o n  was f i r s t  n e u t r a l i s e d  
by  a d d in g  ( 1M) sodium h y d r o x id e  s o l u t i o n  d ro p w is e  u n t i l  the  
z in c  s o l u t i o n  was n e u t r a l  to  m ethy l  red® The s o l u t i o n  was  
then  b u f f e r e d  to  pHXO u s i n g  an ammonia/ammonium c h l o r i d e  b u f f e r
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and z in c  d e te rm in ed  v o l u m e t r i c a l l y  by  d i r e c t  t i t r a t i o n  w i t h  
0 002M S .D .T .A o  s o l u t i o n  u s i n g  e r ioc l i rom e b l a c k - T  as  i n d i c a t o r #
( d ) A n a l y s i s  f o r  Copper
As much a c i d  a s  p o s s i b l e  was removed i n  the p r e l i m i n a r y  
e v a p o r a t i o n  p r o c e d u r e ,  as  the p r e s e n c e  o f  sodium s a l t s  i n  more 
than  a s m a l l  c o n c e n t r a t i o n  i n t e r f e r e d  w i t h  the su b se q u e n t  
a n a l y s i s #  The r e m a in in g  t r a c e s  o f  a c i d  w e re  n e u t r a l i s e d  w i t h  
sodium h y d r o x id e  s o l u t i o n  ( a s  a b o v e )#  The s o l u t i o n  was then  
b u f f e r e d  to  pHIO u s in g  an ammonia/ammonium c h l o r i d e  b u f f e r  
s o l u t i o n  and co p p e r  d e te rm in ed  v o l u m e t r i c a l l y  by  d i r e d t  
t i t r a t i o n  w i t h  0 o2 M0i29D .T#A*  u s in g  m urex ide  i n d i c a t o r #
( i i - ) A n a l y s i s  f o r  H a l i d e s
C h l o r i d e  and b rom ide  w ere  d e te rm in ed  g r a v i m e t r i c a l l y  
as  the s i l v e r  s a l t s .  I n  a t y p i c a l  d e t e r m in a t i o n  0 0 l g  o f  
complex  was t r e a t e d  w i t h  50% above  the  volume o f  0 . 1M s i l v e r  
n i t r a t e  s o l u t i o n  r e q u i r e d  f o r  com ple te  p r e c i p i t a t i o n ,  and a f e w  
d ro p s  o f  d i l u t e  n i t r i c  a c id #  The m ix tu re  was s t i r r e d  and  
h e a t e d  f o r  15 m in u te s ,  w h ich  r e s u l t e d  i n  the  x o r e c i p i t a t i o n  o f  
the  s i l v e r  h a l i d e *  W a t e r  ( 5 0m l)  and c o n c e n t r a t e d  n i t r i c  
a c i d  ( 5 0 ml) w e re  then  added  and the m ix tu re  was h e a t e d  g e n t l y  
f o r  a b o u t  1-g- h o u r s .  The i n i t i a l l y  da rk  brown c lo u d y  m ix tu re
-  4 ?
t u r n e d  to  a c l e a r  s t r a w - c o l o u r e d  l i q u i d  above  the c o a g u l a t e d  
s i l v e r  h a l i d e .  The s i l v e r  h a l i d e  was t r a n s f e r r e d  i n t o  a 
s i n t e r e d  g l a s s  c r u c i b l e  w h i l e  the m ix tu re  was s t i l l  warm, and  
the  p r e c i p i t a t e  w ashed  w i t h  w a t e r  c o n t a i n in g  a l i t t l e  n i t r i c  
a c i d ,  and e t h a n o l  and e t h e r  to  remove o r g a n i c  m a t e r i a l ,  and  
the  c r u c i b l e  and c o n te n t s  w e re  d r i e d  and w e ig h e d  i n  the u s u a l  
f a s h i o n .
T h i s  method was fo u n d  u n s a t i s f a c t o r y  f o r  the  d e t e rm in a ­
t i o n  o f  i o d i n e  w h ich  was t h e r e f o r e  d e te rm in ed  m i c r o a n a l y t i c a l l y  
( s e e  b e lo w )®
( i i i )  A n a l y s i s  f o r  S u lp h a t e
S u lp h a te  was d e t e rm in e d  g r a v i m e t r i c a l l y  as  b a r iu m  
s u lp h a t e  u s i n g  the s t a n d a r d  t e c h n iq u e  d e s c r i b e d  by  V o g e l  [  563©
( i v )  M i c r o a n a l y s e s  f o r  C a rb o n ,  H ydrogen ,  N i t r o g e n ,  S u lp h u r  ( i n  
^ T h io c y a n a t e )  and I o d i n e
These  e lem en ts  w e re  d e te rm in ed  m i c r o a n a l y t i c a l l y  by  
D r 9 A l f r e d  B e r n h a r d t ,  a t  the  Max P la n k  I n s t i t u t e ,  Mulhe im ,
We s t  Germany«
4© I n f r a r e d  S p e c t r a
^  1
I n f r a r e d  s p e c t r a  i n  the r an ge  4 ,000~400cn£ w e re  
m easured  on a P e r k i n  E lm er  PE337 g r a t i n g  s p e c t r o p h o t o m e te r
-  4 8  -
and on a Grubb P a r s o n s  S p e c t r o m a s t e r  g r a t i n g  s p e c t r o p h o t o m e t e r c 
F or  s o l i d  s t a t e  s p e c t r a  n u j o l  o r  h e x a c h lo r o b u t a d i e n e  *9u lls  
w ere  u sed  be tw een  p o t a s s iu m  brom ide  d i s c s©  S o l u t i o n  s p e c t r a  
w ere  measured  u s i n g  c a rb o n  t e t r a c h l o r i d e  o r  c a rb o n  d i s u l p h i d e  
as  s o l v e n t s  i n  a sodium c h l o r i d e  c e l l  w i t h  a 0©2mm p a th  length* ,
5© E l e c t r o n i c  S p e c t r a  
E l e c t r o n i c  s p e c t r a  o f  compounds w ere  m easured  i n  the  
s o l i d  s t a t e  i n  the r a n g e  3 2 0 - 1000mj* on a Unicam SP500 
s p e c t ro p h o to m e te r  f i t t e d  w i t h  a Unicam SP890 d i f f u s e  
r e f l e c t a n c e  a t ta c h m e n t ,  and i n  the r an g e  6 0 0 - 2 0 0 0 m i fo n  a 
Beckmann DK2A s p e c t r o p h o t o m e te r  f i t t e d  w i t h  a d i f f u s e  r e f l e c t a n c e  
attachment© Magnesium c a r b o n a t e  was u sed  as  a r e f e r e n c e  
m a t e r i a l  ©
6 o X -R ay  Powder  P h o to g r a p h s
Powder  p h o to g r a p h s  w e re  o b t a in e d  u s i n g  a P h i l i p s
camera o f  5®73cm d ia m e te r  and co p p e r  K r a d i a t i o n ©  A g l a s s  
coal"eci w i t h  s a jn p le
f i b r e Awas a l i g n e d  i n  the cam era ,  the f i l m  i n s e r t e d  and the  
sample  i r r a d i a t e d  f o r  t h r e e - q u a r t e r s  o f  an hour© The f i l m  
was then  d e v e lo p e d  and the r e l a t i v e  i n t e n s i t i e s  e s t im a t e d  
v i s u a l l y ©
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7© M a g n e t ic  Measurements  
M agn e t ic  s u s c e p t i b i l i t i e s  were  d e te rm in ed  on a Gouy 
B a la n c e  o f  s t a n d a r d  d e s i g n  u s i n g  an a d a p te d  S ta n to n  s e m i -m ic ro  
b a l a n c e  and a w a t e r - c o o l e d  New port  e l e c t ro m a g n e to  D e t a i l s  
o f  the c o n s t r u c t i o n  o f  the s u s p e n s io n  and d e t a i l s  o f  the  
e x p e r im e n t a l  t e c h n iq u e  a r e  d e s c r i b e d  e l s e w h e r e  by  Ea rnshaw  [ 5 7 ] ,
The gram s u s c e p t i b i l i t y  o f  the com plex  ( J ~ )  was
v G
c a l c u l a t e d  u s i n g  the r e l a t i o n s h i p :
|C (3w 
G  ~ ¥
Where fC = vo lume s u s c e p t i b i l i t y  o f  a i r  
v  = vo lum e o f  specimen
w = f o r c e  e x e r t e d  on specimen by  f i e l d  ( c o r r e c t e d  
f o r  the d iam agnet ism  o f  the g l a s s  t u b e )
W ~ w e i g h t  o f  spec im en
P = a c o n s t a n t  i n v o l v i n g  the d im en s io n s  o f  the
spec im en  and the f i e l d  s t r e n g th ®  P was
o b t a i n e d  by  c a l i b r a t i o n  w i t h  N i e n „ S o0„®
5 2 j
(A? ^  = 11*04x10 ^ a t  20°  -  d e c r e a s i n g  by
—6 oa p p r o x im a t e l y  0©04x10 p e r  C r i s e  C 58 3 ) e 
The m o la r  s u s c e £ 3 t i b i l i t y  was c o r r e c t e d  f o r  the d iam ag ­
n e t i sm -  o f  l i g a n d s  (D )  * u s i n g  P a s c a l  C o n s ta n t s  f o r  a l l  l i g a n d s
e x c e p t  f o r  o - p h e n y le n e d i a m in e  and ]D -pheny lened iam ine  f o r  w h ich
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the  e x p e r i m e n t a l l y  d e t e rm in e d  m o la r  d i a m a g n e t ic  s u s c e p t i b i l i t i e .  
were u se d  [  59 ] *
The e f f e c t i v e  room t e m p e ra tu re  m agne t ic  moment, gpp *
was c a l c u l a t e d  assum ing  the  C i r i e  r e l a t i o n s h i p :
J EFF “ 2 084Ja ^T«, Bohr  Magnetons
Where ~ m o la r  s u s c e p t i b i l i t y  c o r r e c t e d  f o r  
d iam agnet ism  o f  l i g a n d s #
T = t e m p e ra tu r e  ( ° K )  . .
8 ® Thermo g r a v i m e t r i c  Me a su rem ents  
The t h e r m o g r a v im e t r i c  b e h a v io u r  o f  com p lexes  was  
i n v e s t i g a t e d  on a S ta n to n  ty p e  KT-D t h e r m o b a la n c e # The 
b a l a n c e  was o f  the d e f l e c t i o n  t y p e ,  h a v in g  a s e n s i t i v i t y  
o f  0 # lmg and i n c o r p o r a t i n g  an au to m at ic  w e i g h t - l o a d i n g  d e v i c e  
w h ich  e n a b l e d  w e i g h t  l o s s e s  o f  up to 0 # l g  ( t e n  c h a r t  w i d t h s )  
to  be f o l l o w e d  c o n t i n u o u s l y .  A p l a t in u m -rh o d iu m  wound  
f u r n a c e  g i v i n g  a maximum tem p e ra tu re  o f  1400% was u se d  i n  
c o n ju n c t i o n  w i t h  a h i g h - l o w  v o l t a g e - t e m p e r a t u r e  programmer#  
C h o ice  o f  m otors  a l l o w e d  l i n e a r  h e a t i n g  r a t e s  f rom  -g-° to 6 °  
p e r  minute to  be used©
The a p p a r a t u s  was m o d i f i e d  to c a r r y  ou t  run s  i n  an  
u p f l o w  o f  n i t r o g e n  w h ich  p r e v e n t e d  o x i d a t i o n  o f  the sam p les  0
and swept away v o l a t i l e s  w h ich  w ou ld  o t h e r w i s e  condense  on 
the  s u p p o r t  r o d  g i v i n g  s p u r i o u s  w e ig h t  r e c o r d s  [  60 3 ©
T em pe ra tu re s  w e re  m easured  by  a the rm ocou p le  d i r e c t l y  
i n  c o n t a c t  w i t h  the  sam ple  conta iner '©
9 D i f f e r e n t i a l  Therm a l  A n a l y s i s  Measurements  
The d i f f e r e n t i a l  th e rm a l  a n a l y s e s  w e re  c a r r i e d  o u t  w i t h  
a S ta n d a ta  6 ©25 in s t ru m e n t  w i t h  a r a t e  o f  h e a t i n g  o f  10°min™'* 
and a s e n s i t i v i t y  o f  50 jXy f u l l  s c a l e  d e f l e c t i o n  w i t h  
p la t in u m  V* p l a t i n u m / 1 3 $ rhod ium  thermocouple®
1 0 o M o l e c u l a r  W e igh t  Measurements  
M o le c u l a r  w e i g h t  measurements w ere  p e r fo rm e d  on a 
M e c r o la b  Mode l 301A Osmometer. I n  t h i s  in s t ru m e n t  a d rop  
o f  s o l u t i o n  and a d rop  o f  s o l v e n t  a r e  su spen ded  on two 
t h e r m i s t o r s  p l a c e d  s i d e  by  s i d e  i n  a c l o s e d  chamber s a t u r a t e d  
w i t h  s o l v e n t  v a p o u r 0 B ecause  o f  the d i f f e r e n c e  i n  v a p o u r  
p r e s s u r e  o f  the two d r o p s ,  a d i f f e r e n t i a l  mass t r a n s f e r  o c c u r s  
be tw een  the  two d ro p s  and the s o l v e n t  v a p o u r  r e s u l t i n g  i n  a 
g r e a t e r  c o n d e n s a t io n  on ( o r  l o w e r  e v a p o r a t i o n  f rom ) the  
s o l u t i o n  drop  than  the s o l v e n t  drop® B ecause  o f  the h e a t  o f
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v a p o r i z a t i o n ,  t h i s  t r a n s f e r  c a u se s  a t em p e ra tu re  d i f f e r e n c e  
(A T )  be tw een  the two d ro p s  w h ich  i s  p ro x o o r t io n a l  to the  
p r e s s u r e  l o w e r i n g ,  and hence p r o p o r t i o n a l  to the s o l u t e  
c o n c e n t r a t i o n *  The d i f f e r e n c e  i n  r e s i s t a n c e  (AR ) o f  the  two 
t h e r m i s t o r s  may be m easured  on a W heats tone  b r i d g e  c i r c u i t  
i n c o r p o r a t e d  i n  the  i n s t ru m e n t  and i s  p r o p o r t i o n a l  to  / jT e 
The in s t ru m e n t  was c a l i b r a t e d  f o r  m ethano l  u s i n g  
s o l u t i o n s  o f  p u re  b e n z i l  o f  known m o la r i ty ©  S o l u t i o n s  o f
known c o n c e n t r a t i o n s  o f  the com plex  w e re  then  made up i n
methanol,  and A R  fo u n d  f o r  these® From the  c a l i b r a t i o n  p l o t ,  
the  e f f e c t i v e  m o l a r i t y  o f  the  s o l u t i o n s  i s  o b ta in e d ©  The
m o l e c u l a r  w e i g h t  (M .W . )  i s  g i v e n  by the r e l a t i o n s h i p :
TT c o n c e n t r a t i o n  „M . W ©  = —   —  : ,— —  °m o l a r i t y
-  53 -
S E C T I O N  I I I  
THE BIDENTATE/H0HCDENTAT5 CHARACTER OF 
ORTHO-PHENYLBNEDIAMINE
5 4  -
1# The D iam ine  Complexes
A n a l y t i c a l  d a t a  on the _o -pheny lened iam ine  and r e l a t e d
d iam ine  com plexes  p r e p a r e d  i n  the  c o u rs e  o f  the  p r e s e n t  work  a r e
g i v e n  i n  T a b l e  10 ; o f  t h e s e  com plexes  N i ( o p d ) ^ ( B F ^ )^  and
N i ( o p d ) h a v e  n o t  been  p r e p a r e d  b e f o r e #  The o t h e r  com plexes
o f  o -p h e n y le n e d ia m in e  have  a l l  been  r e p o r t e d  by  H i e b e r  and
c o -w o r k e r s  [ 4  j  w i t h  the  e x c e p t i o n  o f  N i ( o p d ) „ ( N 0 „ ) n w h ich  was
3 3 *
prepared ,  b y - ’P a p a f i l  C 8 2 □ None o f  the 4 -m e th y l - c p -p h e n y le n e -  
d iam in e  com plexes  p r e p a r e d  i n  the c o u r s e  o f  the p r e s e n t  work  
have  b een  r e p o r t e d  b e f o r e ®
The g e n e r a l  method o f  p r e p a r a t i o n  o f  the com plexes  
was to add a s o l u t i o n  o f  the l i g a n d  i n  96% e t h a n o l  d r o p w is e  
w i t h  s t i r r i n g  to a s o l u t i o n  o f  the h y d r a t e d  m e ta l  s a l t  i n  96% 
e t h a n o l  ( o r  v i c e - v e r s a ) a t  room t e m p e ra tu re  u s i n g  a p p r o p r i a t e  
s t o i c h i o m e t r i c  p r o p o r t i o n s  o f  r e a c t a n t s *  The com plex ,  w h ich  
was u s u a l l y  p r e c i p i t a t e d  im m e d ia t e ly ,  was f i l t e r e d  o f f ,  washed  
w i t h  96% e t h a n o l  and d r i e d  i n  v a c u o . O n ly  w e i g h t s  o f  r e a g e n t s ,  
vo lum es  o f  s o l v e n t s  and any d i f f e r e n c e s  f rom  the above  p r o c e d u r e  
a r e  g i v e n  below®
( a )  D i c h l o r o b i s ( o - p h e n y l e n e d i a m i n e ) n i c k e l ( I I )
A s o l u t i o n  o f  o -p h e n y le n e d ia m in e  (12  *97g 5 o #12 m o le )  i n
A# THE PREPARATION OF THE COMPLEXES
e t h a n o l  (300m l)  was added  to  n i c k e l  c h l o r i d e  ( l 4 . 2 8 g  ; 0 .0 6 0  mole  
o f  h e x a h y d r a t e )  i n  e t h a n o l  ( 2 0 0 m l ) .
( b ) D i b r o m o b i s ( o - p h e n y l e n e d i a m i n e ) n i c k e l ( I I )
A s o l u t i o n  o f  j a -p h en y len ed iam in e  (4 « 3 4 g  $ 0 .0  40 m o le )  
i n  e t h a n o l  (200m l)  was added  to n i c k e l  b rom ide  (5©45g  ? 0 .0 2 0  mole  
o f  t r i h y d r a t e )  i n  e t h a n o l  ( 2 0 0 m l ) «
( c ) D i j o d o b i  s ( o - p h e n y l e n e d i a m in e ) n i c k e l ( I I )
A s o l u t i o n  o f  jD -p h en y len ad iam in e  ( 6 &38g 0 . 0 6 l  m o le )
i n  e t h a n o l  ( 60ml) was added  to an e t h a n o l i c  s o l u t i o n  (200m l)  
o f  n i c k e l  i o d i d e  ( 0 . 0 4  m o l e ) ,  p r e p a r e d  a s  d e s c r i b e d  p r e v i o u s l y ®  
H i e b e r  r e p o r t e d  p r e p a r i n g  t h i s  com plex  by  a d d in g  
aqueous  p o ta s s iu m  i o d i d e  to  aqueous  N i ( o p d ) ^ C l 2 s o lu t i o n ®
However ,  i n  t h i s  work  o n l y  N i ( o p d ) ^ I 2 was o b t a i n e d  b y  t h i s  
method©
( d )  T r i s ( o - p h e n y l e n e d i a m i n e ) n i c k e l ( I I ) b r o m i d e
A s o l u t i o n  o f  sodium b rom ide  (35@8g ; 0©35 m o le )  i n  
w a t e r  (50m l )  was added  to  a s o l u t i o n  o f  N i ( o p d ) 2C l 2 
(7  ©38g ; 0 .021  m o le )  i n  w a t e r  ( 3 5 0 m l ) .  The r e s u l t i n g  complex  
was washed  w i t h  w a t e r  and e t h a n o l .
T h i s  com plex  was a l s o  p r e p a r e d  by  h e a t i n g  N i ( o p d ) ^ B r ,
La
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on a thermo l^ance - see p. 65 o
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( e J T r i s ( o - p h e n y l e n e d i a m i n e ) n i c k e l ( I I ) i o d i d e
A s o l u t i o n  o f  sod ium i o d i d e  (35®3g ? 0 .2 3  m o le )  i n  
w a t e r  ( 170ml) was added  to a s o l u t i o n  o f  N i ( o p d ) 2C l 2 
(7®51g  ? 0 .022  m o le )  i n  w a t e r  ( 7 3 0 m l ) .  The r e s u l t i n g  com plex  
was washed  w i t h  w a t e r  and e th a n o l©
( f ) T r i s ( o - p h e n y l e n e d i a m i n e ) n i c k e l ( I I ) n i t r a t e
A s o l u t i o n  o f  n i c k e l  n i t r a t e  (2 *1 7 g  5 0 *0074  m o le )  o f  
h e x a h y d ra t e  i n  e t h a n o l  ( 7 0 ml) was added to a s o l u t i o n  o f  
_o_ -  p h e n y 1 e n e d i  a m in e  (3<>19g ? 0 « 0 4 8 m ole )  i n  e t h a n o l  ( 7 5 m l ) »
( g ) T r i s ( o - p h e n y l e n e d i a m i n e ) n i c k e l ( I I ) t e t r a f  T i^ rbbora te
A s o l u t i o n  o f  Q ~p h en y len ed iam in e  ( 2 a 3 l g  5 0 e0 2 1 m o le )  
i n  e t h a n o l  (39m l )  was added  to  a s o l u t i o n  o f  n i c k e l  t e t r a f i u o r o ™  
b o r a t e  (3 *5 5 g  I 0 *010  m o le )  i n  e t h a n o l  ( 3 0 m l)®  The r e s u l t i n g  
com plex  was d r i e d  a t  lOo 't .
( h )  T r i s ( 4 - m e t h v l - o - p h e n y l e n e d i a m i n e ) n i c k e l ( I I ) n i t r a t e
A s o l u t i o n  o f  n i c k e l  n i t r a t e  ( l © 6 6 g  ; 0 *0057 mole o f
h e x a h y d r a t e )  i n  e t h a n o l  ( 1 5 m l)  was added  to a s o l u t i o n  
4 -m e t h y l - o y p h e n y l e n e d ia m in e  (3 ® l& g  ; 0 * 0 2 6  m o le )  i n  e t h a n o l  
(2 2m l )  ® The r e s u l t i n g  com plex  was d r i e d  a t  100%
( i ) T r i s ( 4 ™ m ethy l -o™ pheny lened iam ine ) n i c k e l ( I I ) ~  
p e r c h l o r a t e
A s o l u t i o n  o f  4™methyl~ ,o~phenylenediamine (3  *68g $
0 ©030 m o le )  i n  e t h a n o l  (2 5m l )  was added  to  a s o l u t i o n  o f  n i c k e l
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p e r c h l o r a t e  (5*4-9g ; O0O I 56 mole o f  h e x a h y d r a t e )  i n  e t h a n o l
i n  e t h a n o l  ( 2 0 0 ml) was add ed  t o  a s o l u t i o n  o f  n i c k e l  c h l o r i d e  
( 4 0 7 6 g ; 0 * 0 2 0  mole o f  h e x a h y d i 'a t e ) i n  e t h a n o l  ( 3 5 0 m l)#
B lu e  N i ( o p d ) 2 C l 2 was i n i t i a l l y  p r e c i p i t a t e d  and changed  to  
v i o l e t  M i ( o p d ) 4 C l 2 d u r in g  t h e  a d d i t i o n  o f  the  l i g a n d  s o l u t i o n #
A s o l u t i o n  o f  o -p h e n y le n e d ia m in e  ( I 0 # 8 0 g  ; 0 oX00 m o le )  
i n  e t h a n o l  ( 2 0 0 m l)  was added  t o  a s o l u t i o n  o f  n i c k e l  b rom ide  
( 5 * 45g ; 0 o0 2 0  mole o f  t r i h y d r a t e )  i n  e t h a n o l  ( 3 0 0m l ) »
c h l o r i d e
A s o l u t i o n  o f  n i c k e l  c h l o r i d e  (0 *6 2 2 g  ; 0#0038 mole  
o f  h e x a h y d r a t e )  i n  e t h a n o l  ( 6m l)  was add ed  t o  a s o l u t i o n  o f  
4~m ethyX~o-»pheny lenediam ine  ( 2 #0 9 g 4 0„171 m o le )  i n  e t h a n o l  
( 1 5 m l ) .
b rom id e
A s o l u t i o n  o f  n i c k e l  b rom ide  ( 2 o03g ; 0 *0074 mole o f  
t r i h y d r a t e )  i n  e t h a n o l  ( 1 5 mlgf) was add ed  t o  4 -m ethy  1 - o -p h e n y ­
le n e d ia m in e  ( 4 o40g ; 0 o0 0 3 6  m o le )  i n  e t h a n o l  ( 3 2 m l ) „
( 1 5 m l ) # The com p lex  was d r i e d  by  c a u t i o u s l y  h e a t i n g  t o  1 0 0 ° o 
{ j ) T e t r a k i s ( o - p h e n y l e n e d i a m i n e ) n i c k e l ( I I ) c h l o r i d e
A s o l u t i o n  o f  o>~phenylenediamine ( 9 » 7 2 g  ; 0op0 m o le )
( 1 )  T e t r a k i i
(m) T e t r a k i s ( 4-me
- 58 -
( n )  H e x a k i s ( o - p h e n y l e n e d i a m in e ) n i c k e l ( I I ) c h l o r i d e  
A s o l u t i o n  o f  n i c k e l  c h l o r i d e  (4 » 7 8 g  ; 0®020 mole  
o f  h e x a h y d r a t e )  i n  w a t e r  ( 80m l)  was added  to _o_-phenylene-  
d iam ine  ( l 6 ®3 7 g 5 0 . 1 5 1  m o le )  i n  aqueous  e t h a n o l  ( 2 0 0 ml 
w a t e r  and 5 5 ml e t h a n o l )  a t  3 0 c© The com plex  was n o t  
washed  as  d e c o m p o s i t i o n  to the  4 :1  com plex  ten d ed  to  
o c c u r  on t r e a tm e n t  w i t h  e t h a n o l 0
( o ) H e x a k i s ( 4—m e t h y l - o - p h e n y l e n e d i a m in e ) n i c k e l ( I I )
c h l o r i d e
A s o l u t i o n  o f  n i c k e l  c h l o r i d e  ( l e7 8 g 5 0 o0 0 7 5  mole  
o f  h e x a h y d r a t e )  i n  w a t e r  ( 2 5 ml) was added  to 4 - m e t h y l - o -  
p h e n y len e d ia m in e  ( 8 ® 4 l g  ; 0®069  m o le )  i n  aqueous  e t h a n o l  
( 1 0 0  ml o f  w a t e r  and 23®5ml  e t h a n o l )  a t  35^o The com plex  
was washed  w i t h  a s m a l l  q u a n t i t y  o f  w a t e r .
( p )  He x a k i s ( o - p f c e n y l e n e d i a m in e ) n i c k e l ( I I ) b r o m i d e  
A ttem pts  to  p r e p a r e  t h i s  compound u s i n g  c o n d i t i o n s  
s i m i l a r  to th o se  em ployed f o r  the  p r e p a r a t i o n  o f  
N i ( o p d ) ^ C X 2 r e s u l t e d  o n l y  i n  the  f o r m a t i o n  o f  the  
t e t r a k i s  com plex ,  so a p r e p a r a t i o n  was a t t e m p te d  u s in g  
a much l a r g e r  e x c e s s  o f  o - p h e n y le n e d i a m in e Q
N i c k e l  b rom ide  ( 2 o00g ; 0*0073 m o le )  i n  w a t e r  
( l 60ml) was added  to o -p h e n y le n e d ia m in e  ( I 9 @0 g ; O o l74  m o le )
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i n  aqueous  e t h a n o l  (475ml w a t e r  and 150ml e t h a n o l )  a t  10%
On c o o l i n g  i n  an i c e / s a l t  f r e e z i n g  m ix tu re  f i n e  p in k  c r y s t a l s  
w ere  formed® Low a n a l y t i c a l  r e s u l t s  i n d i c a t e d  t h a t  the  
compound c o n t a in e d  c o n s i d e r a b l e  im pur i ty©  (Found B r  : 11*9$  
c a l c u l a t e d  f o r  N i ( o p d )^ B r ^  : l8® 45$ )o
T h e rm o g ra v im e t r i c  a n a l y s i s ,  d i f f e r e n t i a l  th e rm a l  a n a l y s i s  
and in f r a r e d  m easurements  i n d i c a t e d  t h a t  th e  p r o d u c t  c o n s i s t e d  o f  
a m ix tu r e  o f  f r e e  <o~ p h en y le n e d ia m in e  and N x ( o p d ) , and'  
t h a t  no h e x a k i s  com plex  was p r e s e n t  ( s e e  p© 6 6 ) .
2 © A n i l i n e  Complexes  
C e r t a i n  a n i l i n e  and s u b s t i t u t e d  a n i l i n e  com plexes  w e re  
p r e p a r e d  i n  o r d e r  to  m easure  t h e i r  e l e c t r o n i c  s p e c t r a  i n  the  
n e a r  i n f r a r e d  r e g io n ®  F o r  compounds ( q )  and ( r )  the  
p r e p a r a t i v e  methods, r e c e n t l y  d e s c r i b e d  by  Sharp  and Co -  
w o r k e r s  [ 6 l  ]?  w e re  employed© To p r e p a r e  compound ( s )  n i c k e l  
i o d i d e  (0 .0 0 5  m o le )  i n  e t h a n o l  ( 12ml) was added  to
x y l i d i n e  (4©85g ; 0 *040  m o le )  i n  e t h e r  (3 0m l )  ® The 
com plex  w h ich  p r e c i p i t a t e d  im m e d ia t e ly  was f i l t e r e d  o f f ?  
w ashed  w i t h  e t h e r  and d r i e d  f o r  a few  m inutes  i n  a vacuum  
d ess ic x a to r  ( p r o l o n g e d  d r y i n g  ten d ed  to  b r i n g  a b o u t  d ecom p os i ­
t i o n  o f  the  complex  w i t h  l o s s  o f  l i g a n d ) © The p u r i f y  o f
compounds was checked  by  a n a l y s i s  f o r  h a lo g e n  o r  meta l©  The 
c o l o u r s  and a n a l y s e s  o f  the  compounds a r e  r e p o r t e d  below©
( g ) U i c h l o r o b i s ( a n i l i n e ) n i c k e l ( I I )  -  y e l l o w  powder©  
Founds 22*29% Cl© C a l c u l a t e d ;  22*46% Cl©
( t o  D ib ro m o te t r a b T is ( a n i l i n e )  n i c k e l (  XX) — g r e e n  c r y s t a l s  « 
Found: 2? o33% Br® C a l c u l a t e d ;  27©05% Br©
( to H e x a k is  ( 3 - 4 x y l i d e n e ) n i c k e l ( I I )  i o d i d e  -  b l u e  c r y s t a l s  © 
Found: 5®50% N i 0 C a l c u l a t e d ;  50 6 3 % N i 0
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TABLE 10 ANALYSIS AND DESCRIPTION OF COMPOUNDS PREPARED IN
-_ _ | |_ )  i d  —  - t  y L  1  ^  - -  { -  ■ 11   .  ■   -  . - I - - - - - - - - - - - - - - - - - - - - -  1 I ■■ - I I I  m m . . . . . . . . . . . i w n M I i t f t w w t M l W f l
SECTION I I I
Compound C o lo u r %M e t a l
( a ) N i ( o p d ) ?C l ? b l u e F ound 17*03
C a lcd * 16 .97
( b ) N x ( o p d ) 2 B r 2 b lu e Found 13 .52
C a lcd * 1 3 .50
( c ) N i ( o p d ) g I 2 g r e y Found 11.07
Ca lcd* 1 1 . 1 0
( d ) N i ( o p d ) ^ B r g b l u e Found 10.83
CaXcd* 1 0 . 8 2
( e ) N i ( o p d ) b l u e Found 9 .2 4
Ca lcd * 9 . 2 1
( £ ) N i ( o p d )  (N<y2 b l u e Found 11 .47
C a lc d * 1 1 . 5 8
( g ) N i ( o p d ) _  ( e r , ) 2 b l u e F ound l o . 4 o
C a l c d . 1 0 .54
( h ) N i  fcopc^ttfO^) 2 b l u e Found 1 0 .71
C a lc d * 10 .69
( 1 ) NiJ(snQpcfL(CX0 ^ ) 2 kku® Found 9 .47
C a lc d * 9 . t o
( j ) N i ( o p d ) ^ C l 2 v i o l e t Found 1 0 .51
Ca lcdo 10 .45
( k ) N i (  opd )  j^Br2 v i o l e t Found 8 .9 9
C a lc d * 9 . 0 2
( 1 ) N i  (mopd ) /pl2 v i o l e t Found 9 .52
C a l c d . 9 .49
(m) N i  (mopd)^Br2 v i o l e t Found 8 .4 1
C a lc d * 8 .3 0
( n ) N i ( o p d ) p in k Found 7 .5 2
C a lc d * 7 .5 4
( o ) Ni( mopd)^Cl2 p in k Found 6 .75
Ca lcdo 6 .8 0
%  %  %  %  
Carbon H y d ro g e n  Nitrogen H a lo g e n
41.33 4 .7 1 1 6 . 0 6 2 0 . 6 8
41.67 4 .6 8 1 6  „ 2 0 2 0 . 5 0
33 .09 4 .0 2 12.77 3 6 . 6 0
33 .14 3 .72 1 2 . 8 9 3 6 . 6 7
27.32 3 .33 10.59 4 7 .64
27.25 3 . 0 6 10 .59 48.00
40 .00 4 .55 15 .32
39 .84 4 .4 6 15.49
33 .84 3 .7 2 13.03 39.77
33 .94 3 . 8 0 1 3 . 2 0 39 .85
4 2 .49 4 .95 2 2 . 3 2
42.63 4 .75 2 2 . 1 0
38 .99 4 .47 1 4 .80
38 .84 4 .35 1 5 . 1 0
45 .30 5 .8 4 2 0 . 9 2
4 5 .91 5 .5 2 20 .41
39.82 5 .1 2 13 .72
40 .39 4 .85 13 .46
5 0 . 9 6 6 .0 1 1 9 . 5 4 1 2 . 6 1
5 1 . 2 6 5 .7 4 1 9 . 9 4 1 2  . 63
44 * 30 4 . 8 l 1 7 . 1 8 24.77
44 . 2 9 4 .95 1 7 . 2 2 24 .55
54 .09 6 .6 8 1 7 . 1 3 11 .54
54.37 6 .53 1 8 . 2 8 11 .47
47.76 5 .73 1 5 . 3 5 22 .46
47 .54 5 .7 1 1 5 . 8 5 2 2 . 6 0
54.87 6 . 1 5 2 1 . 1 5 9 .19
5 5 .54 6 „ 22 21 .59 9.13
58 .70 6 .78 1 9 . 7 1 8 . 1 6
58.47 7 .0 2 19 .48 8 .2 2
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Bp RESULTS AND DISCUSSION  
I© T herm a l  A n a l y s i s  Measurements
T h e rm o g ra v im e t ry  (TG ) has  b een  u s e d  i n  t h e  p r e s e n t  
w ork  t o  i n v e s t i g a t e  t h e  mode o f  th e rm a l  d e c o m p o s i t i o n  o f  
a number o f  complexes© I n  some c a se s  th e  t e c h n iq u e  has  been  
u s e d  i n  c o n ju n c t i o n  w i th  d i f f e r e n t i a l  th e rm a l  a n a l y s i s  (DTA)  
to  d i s t i n g x i i s h  b e tw een  combined and l a t t i c e  l i g a n d  i n  a 
complex© C o n s i d e r a b l e  u s e  o f  TG has  been  made t o  de te rm in e  
the  d e h y d r a t i o n  t e m p e r a t u r e  o f  a number o f  hydx^ated complexes?  
p r i o r  to  a macro s c a l e  d e h y d r a t i o n  u s i n g  i s o t h e r m a l  
t e c h n iq u e s  ( s e e p .  109),
I n  c e r t a i n  c a s e s  TG h a s  p r o v i d e d  a u s e f u l  means  
o f  p r e p a r i n g  a 3 ;1  or  1 :1  com plex  by  rem o va l  o f  one l i g a n d  
m o lec u le  f ro m  a 4 :1  or 2 :1  complex©
( i )  The Th e rm a l  D e co m p o s i t io n  o f  T e t r a k i s  ( o - p l i e n y l e n e -  
d iam ine  ) n i c k e l  ( I I ) bs'omide
The c u r v e  i n  F i g u r e  7 shows th e  w e i g h t  l o s s  p l o t t e d  
a g a i n s t  t e m p e ra tu r e  and  t h a t  i n  F i g u r e  3 t h e  r a t e  o f  w e i g h t  
l o s s  (*“££) p l o t t e d  a g a i n s t  t e m p e ra tu re  f o r  th e  com plex  
N ± (  opd )  T h e re  a r e  f o u r  p l a t e a u x  on th e  w e ig h t  l o s s  v
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Vie ight
t e m perature (°C)o

r* 65 “
d i f f e r e n t i a l  c u rv e  5 i n d i c a t i n g  f o u r  d e c o m p o s i t i o n  i n t e r m e d i a t e s „
The l o s s  i n  w e i g h t  f o r  each  d e c o m p o s i t i o n  s t a g e  i s  a p p r o x im a t e l y
the  same i n  each  c a s e :
S t a g e  (X )  o o o o # * # * * * # * # *  96 MrW0 U n i t s
S ta g e  ( 2 )  # # # 0 * # # * # * o0 ##108 M.W, U n i t s
S tage  ( 3 )  * * *#* * . *  * * # # # # 1 0 6  MoW# U n i t s
S ta g e  ( 4 )  0 0 0 0 0 * 0* 0 * 0* 0 * 95 MPW0 U n i t s
T h i s  c o r r e s p o n d s  a p p r o x im a t e l y  to t h e  l o s s  o f  one
o -p h e n y le n e d ia m in e  m o le c u le  a t  each  s t a g e  (M.W* o f
o^ -pheny lened iam ine  i s  1 0 8 ) , and d e c o m p o s i t i o n  a l o n g  the
f o l l o w i n g  l i n e s  i s  i n d i c a t e d : -
( 1 )  ( 2 )  ( 3 )  ( 4 )
N i  ( opd )  ^Br^— ^ N i  ( opd )  ^Brg^^to H i  ( o p d )  2B r 2---to N i ( o p d ) B r 2 —— ^NiBa^
A ttem p ts  w e re  made t o  i s o l a t e  the  d e c o m p o s i t i o n  
i n t e r m e d i a t e s  N i ( o p d ) ^ B r 2 and N i ( o p d ) B r 2 * To make each  o f  
t h e s e  N i ( o p d ) 4B r 2 was h e a t e d  on the  th e rm o ba lan ce  u n t i l  the  
a p p r o p r i a t e  p l a t e a u ,  was i n d i c a t e d  on th e  w e ig h t  r e c o r d ,  
w h ereu pon  the c r u c i b l e  and c o n te n t s  w e re  im m e d ia t e ly  removed  
f rom  the  th e rm o b a la n c e  and c o o l e d  i n  a d e s s i c a t o r .  The com p lex  
N i ( o p d ) ^ B r 2 p r e p a r e d  b y  t h i s  means was i d e n t i c a l  i n  a p p e a ra n c e  
and p ro d u c e d  i d e n t i c a l  i n f r a r e d  sp ec t rum  t o  th e  sample  
p r e p a r e d  b y  a p r e c i p i t a t i o n  method ( s e e  p * 55 to The sample  o f
temperature curve and four corresponding troughs on the
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N i ( o p d ) B r 2 o b t a in e d  by  t h e r m c g r a v im e t r i c  means was c o n s i d e r a b l y  
charred©  I n s u f f i c i e n t  m a t e r i a l  was  o b t a in e d  f o r  a m agn e t ic
moment d e t e r m in a t i o n  -  b u t  a s m a l l  amount su sp e n d ed  i n  a g l a s s  
tube  on a G o u y  b a l a n c e  p r o v e d  t o  be  d e f i n i t e l y  pa ram agnet ic©
A s t r u c t u r e  b a s e d  upon s i x - c o o r d i n a t e  n i c k e l  w i t h  brom ine  
b r i d g i n g  ( F i g © 9 ) w o u ld  be one p o s s i b i l i t y  f o r  the  s t r u c t u r e
o f  t h i s  com plex .
. _ t «
F i g u r e  9
A t tem pts  t o  p r e p a r e  N i ( o p d ) B r 2 b y  p r e c i p i t a t i o n  methods  
w ere  u n s u c c e s s fu l©
( i i )  I n v e s t i g a t i o n  o f  the  P ro d u c t  O b t a in e d  i n  the  A t tem pted  
P r e p a r a t i o n  o f  H e x a k i s  O -P h e n y le n e d ia m in e  n i c k e l ( I I ) b rom ide
The c r y s t a l l i n e  p r o d u c t  ( P )  r e s u l t i n g  f ro m  r e a c t i n g  
n i c k e l  b rom ide  w i t h  a l a r g e  e x c e s s  o f  o -p h e n y le n e d ia m in e  showed  
a brom ine  a n a l y s i s  c o n s i d e r a b l y  lo w e r  than  th e  t h e o r e t i c a l  f o r  
N i ( o p d ) g B r 2 ( s e e  p .  59 ) .  The p r o d u c t ,  P ,  c o u ld  p o s s i b l y  be  
a m ix tu re  o f  j£ -pheny l e n e  d iam ine  w i th  e i t h e r  ( a )  the  t e t r a k i s  
com plex  o r  ( b )  the h e x a k i s  complex© TG and OTA were  u s e d
i
i
%Weight
Loss
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to  i n v e s t i g a t e  th e  c o m p o s i t io n  o f  P# F i g u r e  1 0 ( a )  shows  
the  TG (w e i g h t  l o s s  v# t e m p e r a t u r e )  c u rv e  and F i g u r e  1 2 ( b )  the  
DTA c u rv e  f o r  P# I n  the OTA c u rv e  i t  i s  n o t i c e a b l e  t h a t  
a p ronounced  endotherm  o c c u r s  a t  XG8°C# A m e l t i n g  endotherm  
a l s o  o c c u r s  a t  t h i s  t e m p e ra t u r e  i n  th e  DTA c u rv e  f o r  
o^-phenylenediam ine  0 I t  i s  p r o b a b l e ,  t h e r e f o r e ,  t h a t  the  
m ix tu re  P c o n t a i n s  f r e e  o ~ p h e n y le n e d ia m in e # The TG cu rve  
f o r  th e  m ix t u r e  (F ig©10 (a ) )  shows a r a p i d  s i n g l e - s t e p  w e ig h t  
l o s s  o f  3 6 % up to 215?* T h e r e a f t e r  f o u r  e q u a l l y  sp aced  
p l a t e a u x  occur#  The l o w e r  p a r t  o f  t h e  c u rv e  c o r r e s p o n d s  
c l o s e l y  to the  TGA c u rv e  f o r  N i ( o p d ) ^ B r 2 (F i g #  7 ) 0 The
f i r s t  w e i g h t  l o s s  i n  t h e  u p p e r  p a r t  o f  t h e  c u rv e  i s  p r o b a b l y  
due i n  p a r t  to  the f i r s t  s t a g e  o f  d e c o m p o s i t i o n  o f  N iCopdJ^B r^  
o r  o f  N i ( o p d ) ^ B r 2 and i n  p a r t  t o  th e  l o s s  o f  uncombined  
£ »p h e n y le n e d ia f f i in e  # The sh a p e  o f  t h i s  p a r t  o f  the  cu rve  
c o r r e s p o n d s  c l o s e l y  to  t h a t  f o r  f r e e  £ -|>henyl ene d i a  mine  
(F i g # 1 0 (b  )) and the  i n i t i a l  l o s s  f rom  N i ( o p d ) ^ B r 2 o r  
N i ( o p d ) 4B r 2 does  n o t  a p p e a r  t o  a l t e r  the  shape  to  any  d e t e c t a b l e  
e x te n t#  I n  f a c t ,  t h e  p r e s e n c e  o f  a M i ( o p d ) g B r ^ / o p d  m ix tu re  
w ou ld  b e  more l i k e l y  t o  have  a s u b s t a n t i a l  e f f e c t  on the  
shape o f  th e  cu rve  th a n  o f  a  N i ( o p d )^ B r^ / o p d  m ix tu re  b e c a u s e  
i n  the  f o rm e r  c a s e  the  p r o p o r t i o n  o f  f r e e  o -p h e n y le n e d ia m in e
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w o u ld  be  c o n s i d e r a b l y  l e s s  and tne  su p e r im p o se d  l o s s  o f  t h r e e
o -p h e n y le n e d ia m in e  m o le c u le s  f rom  N i ( o p d ) ^ B r 2 w ou ld  then  be  
more e a s i l y  d e t e c t a b l e  than  th e  l o s s  o f  one d iam in e  f rom  
( N i ( o p d ) ^ B r ^ *  The i n f r a r e d  spec t rum  o f  P shows a l l  the
bands p r e s e n t  i n  .o -p h en y len ed iam in e  and N i ( o p d ) ^ B r 2 and i t  
seems l i k e l y  t h a t  v e r y  l i t t l e  6 : 1  com plex  i s  p r e s e n t  i n  the  
m ix tu re  e
( i l l )  The Th e rm a l  D e co m p o s i t io n  o f  H e x a k i s ( o - p h e n y le n e d i a m in e ) -  
n i c k e l ( I I ) c h l o r i d e
The TG cu rve  f o r  th e  compound N i ( o p d ) ^ C l g i s  shown
i n  F i g *  11 * T h e re  a r e  n o t a b l y  f o u r  p l a t e a u x  i n  t h e  c u rv e
i n d i c a t i n g  f o u r  s t a g e s  i n  th e  the rm a l  d e c o m p o s i t i o n  o f  th e  
complex*  The w e ig h t  l o s s  f o r  each  d e c o m p o s i t i o n  s t a g e  i s  
as  f o l l o w s ; -
S tage  ( l )  oooooooo o 0 a ouooo 3 / M^W* U n i t s
S t a t e  ( 2 )  102 M0W* U n i t s
S tage  ( 3 )  6? MoWa U n l tS
S ta g e  { ) o o o o o q o o o o o o o o o p  28  M o W *  U n i t s
S t a g e  ( 1 )  c o r r e s p o n d s  a p p r o x im a t e l y  to  a l o s s  o f  
f o u r  j> -p h e n y le n e d ia m in e  m o le c u le s  ( T h e o r e t i c a l  -  432 M0W0 U n i t s ) ,  
s t a g e  ( 2 ) t o  l o s s  o f  one d ia m in e ,  and s t a g e s  ( 3 )  and ( 4 )
combined to  th e  l o s s  o f  one d iam in e *  D e co m p o s i t io n  i s
- 70 -
Temperature (6 C).
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i n d i c a t e d  a lo n g  the  f o l l o w i n g  l i n e s : -
N i ( o p d ) g C l 2 N i ( o p d ) 2 C l 2  XJdLyNi ( o p d ) C l 2
M o re o v e r ,  i t  i s  e v i d e n t  t h a t  the  d e c o m p o s i t i o n  o f  
N i ( o p d ) C l 2 o c c u r s  i n  two s t a ge s©
The f i r s t  s i g n i f i c a n t  l o s s  o f  l i g a n d  f rom  N i ( o p d ) ^ C X 2 
o c c u r s  i n  th e  t e m p e ra tu re  r a n g e  o f  190o ~243°C w i t h  the  maximum 
r a t e  o f  w e i g h t  l o s s  o c c u r r i n g  a t  a p p r o x im a t e l y  238°C? W h ereas  
f o r  f r e e  O yphen y lened iam ine  the  f i r s t  s i g n i f i c a n t  l o s s  o c c u r s  
o v e r  th e  t e m p e ra tu r e  r a n g e  o f  110 -212 °C  w i t h  a maximum r a t e  o f  
w e ig h t  l o s s  o c c u r r i n g  a t  a p p r o x im a t e l y  2 0 0 °C o
D i f f e r e n t i a l  th e rm a l  a n a l y s i s  on N i ( o p d ) ^ C l 0 gave  
endotherms w i t h  peak s  a t  l 8 l ° C a n d  234°C (F ig©  X2(c)ty W hereas  
f r e e  ^o -pheny lened iam ine  gave  a m e l t i n g  endotherm w i t h  a peak  a t  
108°C (F ig©  12(a)X T h ese  f a c t s  i n d i c a t e  t h a t  a l l  o f  t h e  s i x
O
o^ -pheny lened iam ine  m o l e c u le s  a r e  f a i r l y  s t r o n g l y  bond t o  the  
n i c k e l  atom and a s t r u c t u r e  i n v o l v i n g  d iam in e  m o le c u le s  h e l d  i n  
th e  l a t t i c e  {.%©.©. N i ( opd )  ^ C l 22op>d) seems u n l i k e l y ©
D i f f e r e n t i a l  the rm a l  a n a l y s i s  on N i ( m o p d ) ^ C l 2 gave  
endotherms w i t h  peak s  a t  173°C and 2 l 8 ° C ( F i g  .12 (e))© W hereas
f r e e  4 -m e th y l - c > -p h e n y len e d ia m in e  gave  a m e l t in g  endotherm w i t h  a 
peak  a t  101°C (Fig©i2(^-))o Here  a g a i n  a s t r u c t u r e  f o r  NiCmopd^Cty  
i n v o l v i n g  d iam in e  h e l d  i n  the  l a t t i c e  seems u n l i k e l y 0
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Fig/12 DTA CURVES
Temperature (°C)
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The room t e m p e ra t u r e  m ag n e t ic  moments ((-tapp) a ^  
the  com p lexes  shown i n  T a b l e  11 l i e  i n  th e  r a n g e  3*1  ~ 3*2  B#M* 
T h i s  i s  t y p i c a l  o f  o c t a h e d r a l  or  d i s t o r t e d  o c t a h e d r a l  h i g h  
s p i n  n i c k e l ( I X ) c o m p l e x e s  [  6 2  ]  #
A f e w  f i v e - c o o r d i n a t e  and some t e t r a h e d r a l  n i c k e l ( I I )  
com plexes  have a l s o  b een  r e p o r t e d  w i th  moments i n  t h i s  r a n g e  
[63,64] # However ,  e l e c t r o n i c  s p e c t r a l  m easurements l a t e r  
described(?opr th e  com p lexes  i n  t h i s  s e c t i o n  s i ippo r t  an  
o c t a h e d r a l  s t r u c t u r e #
3 * S o l u t i o n  S t u d i e s  on O r th o -p h e n y le n e d ia m in e  Complexes
The com plexes  r e p o r t e d  i n  t h i s  s e c t i o n  were  g e n e r a l l y  
i n s o l u b l e  i n  n o n - p o l a r  solvents? and o n ly  s l i g h t l y  s o l u b l e  i n  
w a t e r ,  m ethano l  and to  a l e s s e r  e x t e n t ,  e th a n o l#  The r e s u l t s  
o f  m o l e c u l a r  w e i g h t  measurements i n  m eth an o l  u s i n g  a M e c h ro la b  
osmometer a re  shown i n  T a b l e  12 *
The l o w  s o l u b i l i t y  o f  the  com plexes  i n t r o d u c e d  e r r o r s  
o f  up t o  13% i n  the  r e s u l t s #  N e v e r t h e l e s s  a lm o s t  com p le te  
d i s s o c i a t i o n  o f  the  com p lexes  i n  m ethano l  i s  i n d i c a t e d #  I t  
w as ,  t h e r e f o r e ,  c o n c lu d e d  t h a t  o th e r  s o l u t i o n  measurements i n
20 Magnetic Measurements
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TABLE 11 MAGNETIC DATA
Compound
%
( c » g , s , u 0 
x  1 0 %
A t
(c® g * s * u 0 
x  i o 6 )
D
(C 0 g 0 S . U a
x  i o 6 )
(c„ g .  s„u„  
x  10 ) /-N
0
I
W 
j
^EFF
(B o h r
M agneton )
N i ( o p d )2 C12 1X990 4 l47 1 9 1 4338 293 3 * 20
N i ( o p d ) 2 S r p 8785 3 8 1 3 2 1 3 4037 296 3 * 1 0 (5 )
N i ( o p d ) 2I g 6974 3 6 8 8 233 3921 294 3 0O5
N i ( o p d ) ^ B r g 7X39 3875 285 4 l6 0 293 3® 15
N i ( o p d ) ^ I g 6 0 8 1 3924 305 4229 293 3 c 1 6
N i ( o p d ) ^ (NO^)g 7586 3 8 2 6 254 4080 293 3 01 0 (5 )
N i ( o p d ) ^ C l g 6989 3929 335 4264 293 3 c 17
N i ( o p d ) ^ B r g 5927 3 8 6 0 357 4217 296 3 017
N i (m o p d )  ^(NO^ )g 69 8 7 3 8 3 8 29 0 4128 295 3 c 13
N i (m o p d )^ C lg 6 2 8 8 3788 383 4171 297 3 © 1 6
N i (m o p d ) fc B r g 5 3 0 4 3752 405 4157 294 3 c 14
N i (o p d )^ O X g 4714 3 6 7 1 479 4150 295 3* 14
N i (m o p d ) ^01^ 4172 3599 551 4150 293 3 c 13
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TABLE 12 MOLECULAR WEIGHT MEASUREMENTS
Compound
C o n c e n t r a t i o n  o f  
m oles  o f  com p lex  
i n  1 0 0 0 mls  
m ethano l
E x p e c te d
M o l e c u l a r
W e igh t
Found
M o l e c u l a r
W e igh t
R a t i o ; 
E x p e c te d  M*¥*
Found M*W*
N i ( o p d )  CXrt
CD <dx
0 * 0 0 7 2 345 1 6 0 2 * 1 5
0*0X46 147 2*34
0*00492 435 224 1 . 9 4
N i ( o p d ) 2®r 2 0 * 0 0 7 8 8 1 8 5 2 . 3 5
N i ( o p d ) ^ C l^ 0 * 0 0 6 1 5 6 2 1 3 0 4 . 3 0
0*00147 6 5 1 1 2 8 5 . 1 0
N i ( o p d ) 4B r 2 0*00180 108 f t  00
0*0024 7 7 8 124 6 . 2 5
N i ( o p d ) ^ C l 2 0 * 0 0 5 1 1 3 6 5 .8 4
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p o l a r  s o l v e n t s  w o u ld  g i v e  no i n f o r m a t i o n  a b o u t  th e  s t r u c t u r e s  
o f  the  com p lexes  i n  th e  s o l i d  s ta te©  C o n s e q u e n t ly  the  
e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  d i s c u s s e d  i n  t h e  f o l l o w i n g  
s e c t i o n  were  a l l  m easured  i n  th e  s o l i d  s t a t e  u s i n g  d i f f u s e  
r e f l e c t a n c e  attachm ents©
4 © I n f r a r e d  Measurements
I n f r a r e d  s p e c t r a  have  been  m easured  i n  th e  r an g e  
400*»4000cm ** b u t  o n l y  t h o s e  a s p e c t s  o f  the  s p e c t r a  r e l e v a n t  
to  the  s t r u c t u r e  o f  th e  com plexes  a r e  d i s c u s s e d ©  I n  g e n e r a l  
the  h a l i d e  com p lexes  o f  O ypheny lened iam ine  w i t h  s i m i l a r  
s t o i c h i o m e t r y  have  s p e c t r a  wh ich  r e s e m b le  each  o th e r  v e r y  
c l o s e l y  ( e©g©,  N iCopdJ^B r^  and N i C o p d ) ^ ! ^ )©  I t  i s  s i g n i f i c a n t  
t h a t  the  spec t rum  o f  N i ( o p d ) ^ B r 2 d i f f e r s  c o n s i d e r a b l y  f rom  
a spec t rum  o b t a in e d  b y  s u p e r p o s i t i o n  o f  th e  spec t rum  o f  
o~*phenyl ene d iam ine  upon t h a t  o f  N i  ( op d ) ^ B r  ^  © S i m i l a r l y  th e
spectrum  o f  N i ( o p d ) ^ C l 2 cann o t  b e  r e g a r d e d  a s  a s u p e r p o s i t i o n  
o f  the l i g a n d  sp ec t ru m  on t h a t  o f  N ± ( o p d ) 3B r 2 o r  N i ( o p d )
T h ese  o b s e r v a t i o n s  ten d  to  b e l i e  the  p o s s i b i l i t y  o f  
N i ( o p d ) ^ B r 2 b e i n g  N iC opdJ^B r^  w i th  one m o le c u le  o f  d iam ine  
h e l d  i n  t h e  l a t t i c e ,  i©e© [ H i ( o p d ) ^ B r ^ ] o p d ,  o r  o f  N i ( o p d ) ^ C l 2 
b e in g  N i ( o p d ) ^ C X 2 w i t h  two m o le c u le s  o f  d iam in e  h e l d  i n  th e
7 7
l a t t i c e ,  i ee * , [ N i ( o p d ) ^ C l g ] 2 o p d «  S i m i l a r  comments a p p l y  to  
the  i n f r a r e d  spec t rum  o f  N i ( m o p d ) *
( 1 )  C~N S t r e t c h  F r e q u e n c i e s
A c r i t e r i o n  f o r  th e  p r e s e n c e  o f  u n c o o r d in a t e d  amine
g ro u p s  i n  th e  co m p lexes  can he f o r m u l a t e d  u s in g  C~N s t r e t c h i n g
f r e q u e n c ie s ®  For  o^ -pheny lened iam ine  a s t r o n g  band  a t  
— I1277cm has  been  a s s i g n e d  b y  IC a t r i t z k y  [ 6 5 ]  to  t h e  C-N
s t r e t c h *  Xt h a s  been  p o i n t e d  ou t  i n  S e c t i o n  X t h a t  w i t h
a ro m a t i c  amines the C -N  s t r e t c h i n g  f r e q u e n c y  i s  u s u a l l y
lo w e r e d  on c o o r d in a t i o n ®  I n  th e  o^ -pheny lenediam ine  com plexes
d e s c r i b e d  i n  t h i s  s e c t i o n  and  i n  S e c t i o n  E a  s t r o n g  band i s
fo u n d  i n  the  1 2 6 0 - 1 2 3 5 r e g i o n  w h ich  a c c o r d s  w i t h  t h i s
o b s e r v a t i o n .  ( T a b l e  1 3 ) *  l u  a d d i t i o n ,  w i t h  the  6 :1  and
4 :1  com p lexes ,  w h e re  u n c o o r d in a t e d  amino g ro u p s  w o u ld  be
— 1
e x p e c t e d ,  a s t r o n g  band  i s  found  i n  the  1283 -1277cm r e g i o n *
I n  th e  3 s i  and 2 s i  jo -p h e n y len e d ia m in e  c o m p le x es ,  h o w eve r ,  no
- 1
s t r o n g  bands  i n  t h e  X283~1277cm a re  p r e s e n t  and th u s  a l l  the  
amino g ro u p s  a r e  p r e s u m a b ly  c o o r d i n a t e d  i n  t h e s e  com p lexes *  I t  
w ou ld  seem l i k e l y  th a n  t h a t  the  3*1  com p lexes  a re  s im p le  t r i s  
c h e l a t e s  and th a t  the  2 :1  h a l i d e  com p lexes  ( a s su m in g  an o c t a h e d r a l
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TABLE 13
i n f r a r e d  A b s o r p t i o n  F r e q u e n c i e s  * in  
r a n g e  1290~1220cm due t o  C -N  s t r e t c h i n g
Compound
N i ( o p d ) 2C12 
N i ( o p d ) 2B r 2 
M i (o p d )
H i ( o p d ) ^ B r p  
H i (o p d )
H i ( o p d ) ^ ( B F ^ ) 2 
H i ( opd )^CXg  
N i ( o p d ) ZsB r 2 
H i ( o p d ) ^ C X 2 
opd ( s o l i d )
o p d (C C l .  s o l u t i o n )
H:
H i (m o p d )^ (H O ^ ) 2 
Hi(rnopd) ( C IO ^ ) 2 
N i ( m o p d ) ^ C l 2 
H i  (m o pd )
H i (m o p d ) ^ U l 2 
mopd ( s o l i d )  
mopd(CS2 s o l u t i o n )
F re q u e n c y  (cm ) 
1 2 5 0
( a )
1 2 8 2
1 2 8 0
1277
1274
1 2 7 6
1295
1 2 9 2
1 2 9 2
1295
1 2 9 2
1 2 5 0
1248
1 2 5 8
1254
X255
1240
1 2 3 8
1250, 1237 
1 2 4 7
1274, 1229 
1277, 1229 
1 2 5 3 , 1 2 1 8  
1 2 5 6 , 1 2 2 0  
1 2 5 3 , 1 2 2 0  
1 2 5 0  
1253
3£ A l l  bands  a r e  s t r o n g  
( a )  From Ref© 65
_ 79 -
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s i x - c o o i ~ d in a t e  s t r u c t u r e )  c o n t a i n  two c h e l a t i n g  d iam ine  m o le c u le s
and two c o o r d i n a t e d  h a l i d e  i o n s *
The a s s ig n m e n t  o f  C -N  s t r e t c h i n g  f r e q u e n c i e s  i n  th e
4-m e t h y l - o - p h e n y l e n e d i a m in e  com plexes  i s  more d i f f i c u l t  th an
i n  com plexes  o f  t h e  u n s u b s t i t u t e d  diamine# I n  b o th  th e
s o l u t i o n  and s o l i d  s t a t e  s p e c t r a  o f  the l i g a n d ,  bands  a p p e a r  
- 1  - 1a t  1292cm and 1253c&* which  n i g h t  be a s s i g n e d  to C -N  s t r e t c h #
S i m i l a r l y  two bands o c c u r  i n  com pa rab le  p o s i t i o n s  i n  the
4 :1  and 6 :1  com p lexes ,  i n  a c c o rd a n c e  w i t h  the  p r e s e n c e  o f
u n c o o r d in a t e d  amino g roups#  T h ese  com p lexes  a l s o  show one
- 1band  a t  a b o u t  1220cm p r o b a b l y  due t o  C-N s t r e t c h i n g  f rom
c o o r d i n a t e d  amino g roups#  However ,  th e  3 s i  com p lexes  show
— 1 — 1two bands  ( a t  12?5cm and 1 2 3 0 cm r e s p e c t i v e l y )  a s  a l s o
do the com plexes  r e p o r t e d  i n  S e c t i o n  IV  ( a t  a b o u t  1255 and  
- 1
1220cm )# I t  seems e v id e n t  t h a t  the 3 s i  4 - m e t h y l - o - p h e n y l e n e -
d iam in e  com p lexes  r e p o r t e d  her©  have  t r i s - c h e l a t e  s t r u c t u r e s  l i k e
t h e i r  o -p h e n y le n e d ia m in e  a n a l o g u e s ,  i f  o n ly  i n  v i e w  o f  t h e  ab sen ce
— 1o f  the  h i g h e r  e n e r g y  band ( a t  1 2 9 2 cm ) p r e s e n t  i n  t h e  f r e e
l i g a n d  an d  i n  the  6 :1  and 4 :1  com plexes*  However ,  i t  i s
d i f f i c u l t  to  e x p l a i n  why f o u r  C -N  s t r e t c h  bands do not  o ccu r
i n  the  6 :1  and 4 :1  compounds# One p o s s i b l e  e x p l a n a t i o n  f o r
— 1t h i s  i s  t h a t  t h e  lo w  e n e r g y  band  ( a t  a p p r o x im a t e l y  1 2 5 0 cm )
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f rom  th e  .u n c o o rd in a te d  l i g a n d  i s  s u p e r iD p o s o d  on the h ig h
e n e r g y  band f rom  th e  c o o r d i n a t e d  l i g a n d  ( a l s o  a t  a bo u t  
- 1
1250cm i n  .the 2 : 1  c o m p le x e s ) *
( i i )  N -H  S t r e t c h i n g  F r e q u e n c i e s
A method f o r  d e t e c t i n g  th e  p r e s e n c e  o f  u n c o o r d in a t e d
amino g ro u p s  i n  a ro m a t i c  d ia m in e s  u t i l i s i n g  a s t u d y  o f  N -K
s t r e t c h i n g  f r e q u e n c i e s  i n  the  3{-t r e g i o n  h a s  been  d i s c u s s e d  i n
S e c t i o n  I  (p„ 35 ) © A p p l y i n g  t h i s  method t o  th e  com plexes
r e p o r t e d  h e r e ,  r e s u l t s  a r e  o b t a in e d  t h a t  a g r e e  xveXX w i t h  the
c o n c lu s i o n s  r e a c h e d  f r o m  the p r e c e d in g  s tu d y  o f  C -N  s t r e t c h i n g
f r e q u e n c i e s *  Thus f or the—fre-e—Hg-an-d th e  h i g h e s t  f r e q u e n c y  
In For tie free ligand
N -H  band  if§>Athe  r a n g e  3405-3380cm , ^and f o r  the  6 :1  and
4 :1  o -p h e n y le n e  d i a n in e  com p lexes  and i n  the  r a n g e  33 5 0 “ 3 2 9 0 cm
f o r  th e  3*1  and 2 :1  com p lexes  o f  t h i s  l i g a n d ®  F o r  th e
4 -m e t h y l - j o -p h e n y le n e d ia m in e  com plexes  the  c o r r e s p o n d in g  r a n g e s
- 1a r e  3390-3370 and 3 3 2 0 - 3 2 7 0 cm * T h i s  i s  f u r t h e r  e v id e n c e
t h a t  th e  3*1  com p lexes  a r e  t r i s - c h e l a t e  and the  2 :1  com p lexes
a r e  b i s - c h e l a t e , p r o b a b l y  w i t h  c o o r d i n a t e d  h a lo g e n *  However ,
th e  p r e s e n t  r e s u l t s  f o r  N i ( o p d ) 2C l g do n o t  a g r e e  w i t h  th o se  o f
B a r v in o k  and B ukha reva  [  3 3 ] *  T h ese  w o r k e r s  fo u n d  an o u t e r
— 1band  a t  34x6cm f o r  t h i s  compound, and have  thus assumed the
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TABLE 14 INFRARED ABSORPTION FREQUENCIES* IN  THE RANGE
3 , 5 0 0 - 3 , 3 OO cm"1
“ 1Compound F re q u e n c y  (cm )
N i ( o p d ) 0C1Q Mi 3 2 9 3 , 3199, 3152, 3109
N i ( o p d ) 2Br2 3 3 2 5 , 3250, 3215, 3 1 8 0 , 3130
N i ( o p d ) g i g 3 3 0 9 , 32 45, 3218, 3193, 3155, 3101
N i ( o p d )^  B r 2 3 3 3 3 , 3 2 6 0 , 3200, 3133, 3080
N i ( o p d ) ^  X2 3 3 5 0 , 3263, 3 2 0 0 , 3142, 3 0 8 2
. N i ( o p d )^  (N O ^ )^ 3 2 9 2 , 3239, 3175, 3143
; N i ( o p d ) 3 ( B ^ ) g 3333, 3 2 8 1
* N i ( o p d ) 4 C1Q 3404, 3228, 3144, 3093
N i ( o p d ) 4 B^g 3397, 3208, 3145, 3093
.N i ( o p d )  C lg 3383, 3317, 3 2 2 5 , 3185, 3 1 5 ° ,3 0 9 5 ,3 0 5 0
o p d ( s o l i d ) 3384, 3361, 3279111, b r ,  3175m,br
o p d ( C C l ^ s o l u t i o n ) 3400, 3325
N i ( m o p d ) 9 (NO )j  J ^ 3274, 3 2 3 6
.N i (m o p d )^  (C 104 ) g 3320, 3 2 6 0
N i (m o p d )^  C l 2 3390, 3300, 32X5, 3130, 3077
iN i (m o pd ) ,  B r
jC Ma 3386, 3279, 3 2 0 0 , 3130, 3077
N i (m o p d )^  C l 2 3378, 3292, 3215, 3150, 3 1 1 0 , 3 0 6 7
mopd( s o l i d ) 3375, 3284
1
m opd (2 %CCI4 s o l u t i o n ) 3430, 3334
x  A l l  b ands  a r e  s t r o n g  u n l e s s  o t h e r w i s e  s t a t e d #  
( a )  From R e f e r e n c e  65.#
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p re s e n c e  o f  u o n o d e n  t a t e  ~q --phe ny l e  n e d i  amine , w h i l s t  i n
- 1
th e  p r e s e n t  w o rk  the  o u t e r  band  i s  fou nd  a t  3293cm ,
i n d i c a t i n g  the p r e s e n c e  o f  c h e l a t i n g  l i g a n d  e x c l u s i v e l y ©  
S i g n i f i c a n t l y ,  p e r h a p s ,  the spectrum  p u b l i s h e d  b y  th e  R u s s i a n  
w o r k e r s  r e s e m b l e s  q u i t e  c l o s e l y  t h a t  o b t a in e d  i n  th e  p r e s e n t  
w ork  f o r  N i  (o£;>d) ^ C l^  and t h e i r  sam ple  o f  N i (  o p d ) g C l g  was  
p o s s i b l y  c o n ta m in a te d  w i t h  the  4 s i  compound® The p r e s e n t
r e s u l t  f o r  N i ( o p d ) 0C l ri i s  f u r t h e r  s u b s t a n t i a t e d  b y  th e  C -N
2  2
i n f r a r e d  bands and by  th e  e l e c t r o n i c  spec t rum  o f  the  complex®
( i i i )  A b s o r p t i o n s  Due to A n ion s
F ou r  o f  th e  t r i s  com plexes  i n  t h i s  S e c t i o n  c o n t a in  
a n io n s  w h ich  p rod uce  s t r o n g  a b s o r p t i o n s  i n  t h e  i n f r a r e d  r e g io n ©  
These  a b s o r p t i o n s ,  l i s t e d  i n  T a b l e  15 , i n  each  c a se
i n d i c a t e  t h e  p r e s e n c e  o f  u n c o o r d in a t e d  an ions©  T h i s  l e n d s  
f u r t h e r  s u p p o r t  t o  the  c o n t e n t i o n  t h a t  the  3 * 1  com plexes  i n  
t h i s  s e r i e s  a r e  t r i s  c h e l a t e s ©
- 8 5  -
TABLE 15
I n f r a r e d  A b s o r p t i o n  F r e q u e n c ie s  Due t o  the
— XA n ion s  i n  th e  Range lAOQ-IOOOcm
Complex A b s o r p t i o n  F re quency ( cm ^ ) Ass ignment
N i ( o p d ) 3 (N 0 3 ) 2 1346 V S b r  © S) (N -0 asym m etr ic
s t r e t c h )
N i ( m o p d ) 3 (NC>3 ) 2 1348 vs br© V 3 ( d o ©  )
N i ( o p d ) 3 ( B F 4 ) 2 1 0 8 0 v s b r  © V 3 ( b ~ f asym m etr ic
s t r e t c h )
N i (m o p d )3 ( C I O ^ ) g 1 0 6 0 v s b r  © 3^ ( C l - '0 a sym m etric  
s t r e t c h )
5 o E l e c t r o n i c  S p e c t r a
E l e c t r o n i c  s p e c t r a  i n  th e  r a n g e  33O-!300mjj, a r e  shown  
i n  T a b l e  1 6  © The spec t rum  o f  h i g h  s p i n  n i c k e l ( I I )  i n  an
o c t a h e d r a l  f i e l d  h a s  b e e n  d i s c u s s e d  i n  S e c t i o n  I© The t h r e e  
bands  a r i s i n g  f rom  th e  s p i n  a l l o w e d  t r a n s i t i o n s  f rom  the  
g round  s t a t e  to  the  and tlie ^T X g ^
s t a t e s  have  b e e n  d e s i g n a t e d  V - ^ V g  and ^3 r e s p e c t i v e l y .
( i )  S p e c t r a  o f  th e  3 *1  Complexes ( N i ( o p d )
   ' '  "" ’L r,TI' 1 "
The e l e c t r o n i c  s p e c t r a  o f  some r e p r e s e n t a t i v e -3:1 
com plexes  a r e  shown i n  F i g u r e  15 © The n o t a b l e  f e a t u r e s  o f
TABLE 1 6  ELECTRONIC (DIFFUSE .^^FIJECTANCE) SPECTRA
( Q.) <A b s o r p t i o n  Maxima (u p p e r  f i g u r e  i n  mu, lo w e r  
Compound * |e>'5v' - X
b r a c k e t e d  f i g u r e  i n  cm )
^3 A 1 f H
N i ( o p d ) 2 G^2 365 580 820w 78ow 1 1 5 7
( 2 7 . 4 0 ) ( 1 7 . 2 5 ) ( 1 2 . 2 0 ) ( 1 2 . 8 2 ) ( 8 . 6 4 )
N i ( o p d ) 2B r g 377 595 850w ~760ra,br 1260
(3 6 .5 5 ) ( 1 6 . 8 0 ) ( 1 1 . 7 6 ) ( 1 3 . 1 6 ) ( 7 . 9 4 )
N i ( o p d ) gX2 385 5 1 0 shm 590 8 9OW 745m,br 1270
( 2 6 . 0 0 ) ( 1 1 . 6  ) ( 1 6 . 9 5 ) ( 1 1 . 2 5 ) ( 1 3 . 4 0 ) ( 7 . 8 7 )
N x ( o p d ) ^ B r 2 345 44-0w 585 8 l0w 950
( 2 9 . 0 0 ) ( 2 2 . 7 5 ) ( 1 7 . 1 0 ) ( 1 2 . 3 5 ) ( 1 0 . 5 3 )
N i ( o p d ) 340 44 0w 5 8 0 8oow 940
( 2 9 . 4 0 )
j
( 2 2 . 7 5 ) ( 1 7 . 2 5 ) ( 1 2 . 5 0 ) ( 1 0 . 6 4 )
N i ( o p d ) „ ( N 0 _ ) g 340 43 5w 574 795’.* 930
(2 9 . 4 0 ) ( 2 3 . 0 0 ) ( 1 7 . 4 2 ) ( 1 2 . 6 0 ) ( 1 0 . 7 5 )
N i ( o p d ) 3 ( BF 4 ) 2 336 430w 5 8 0 7 90w 950
( 2 9 . 8 5 ) ( 2 3 . 2 5 ) ( 1 7 . 2 5 ) ( 1 2 . 6 5 ) ( 1 0 . 5 3 )
N i ( m o p d ) 3 (N 03 ) g 347 43 5w 585 810 960
( 2 8 . 8 0 ) ( 2 3 . 0 0 ) ( 1 7 . 1 0 ) ( 1 2 . 3 5 ) ( 1 0 . 4 2 )
N i (m o p d )  C1C>4 ) 350
(2 8 .6 0 )
440w
(2 2 .7 0 )
577
(1 7 .3 0 )
800w 
( 1 2 . 5 0 )
948
(1 0 .5 5 )
N i ( o p d ) 4C l ? 360sh 550 785w( b ) g 3 0 ( ° ) 989
( 2 7 . 8 0 ) ( 1 8 . 2 0 ) ( 1 2 . 7 5 ) ( 1 2 . 0 5 ) ( 1 0 . 1 1 )
N i ( o p d ) 4B r 2 3 6 osli 5 5 8 8 0 0b r 990
( 2 7 . 3 0 ) ( 1 7 . 9 0 )
790w^b ^
( 1 2 . 6 5 )
( 1 2 . 5 0 ) ( 1 0 . 1 0 )
N i ( m o p d ) &C l 2 + 555
( 1 8 . 0 0 )
8 3 0 ^
(1 2 . 0 5 )
1015 
( 9 .8 6 )
N i ( m o p d ) . B r 2 + 553
(1 8 .1 0 )
8 o o J b *
(1 2 . 5 0 )
8 4 o *b *
( 1 1 . 9 0 )
( C o n id e
1 0 3 1
( 9 .7 0 )
O O 0
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TABLE 16
Compound
(Contd#)
A b s o r p t i o n  Maxima ( a ) ( u p p e r  f i g u r e  i n  mp,, l o w e r  
— Ib r a c k e t e d  f i g u r e  i n  cm )
V 2
785-4
_ J 4f"" ____
N i ( o p d ) ^ C l g + 54 0 8 2 3  ^ 1010
(1 8 .5 0 ) (1 2 . 7 5 ) (12#15 ) ( 9°9 0 )
N i (m o p d ) ^CXg + 545 778w( b ) 8 3 0 ^ 1021
N i ( a n i l i n e ) 430 510sh
(1 8 .3 5 )
720
(1 2 . 8 5 ) ( 1 2 * 0 5 )
845 sh.
( 9 *79 )  
1 2 0 5 '
N i ( a n i l i n e ) Cd Mi
( 2 3 . 2 5 )
445
( 1 9 . 6 0 )
540sh
(1 3 . 7 5 )
7 6 0
( H o  8 5 )
860
( 8 . 3 )
N i  ( p y r i d i n e  ) £ l (2e )
( 2 2 . 5 0 ) ( 1 8 . 5 0 ) ( 1 3 . 2 0 ) ( 1 1 0 6 5 )
415 450sh 720 8 2 0 sh X1 9 0 m 1 6 7 0
<2 4 .1 0 ) ( 2 2 . 2 0 ) ( 1 3 . 9 0 ) (1 2 . 2 0 ) ( 8 *4 0 ) ( 6 . 0 )
N i ( p y r i d i n e ) . C L  390
( 2 5 . 7  )
N i ( a n i l i n e ) , . B r '® ^  420
( 2 3 . 8  ) 
0fi ( 3 - 4 - 3cy l id ine )^ I ( )
[N i  ( ra-1 o l u  i  d  i  n  e ) J -  3 6 0
- ( c i o 4 ) 2 ( a ) ( 2 7 . 8  )
|Ni ( o - t o lu i d in e ) ^ ]  -  
- ( B F 4 ) 2 (m)
[Mi (o - c h lo r o a n i l in e )J " "
6 30  
( 1 5 . 9  ) 
6 7 0  
(1 4 .  95)
9 2 0 m
( x o . 9  ) 
9 4 5
( 1 0 . 6  >
6 2 5
( c )
(B F t ) ( i )
o
2
( 1 6 . 0 0 )
6 X 5
( 1 6 . 3 0 )
543
(1 8 . 4 0 )
546
( 1 8 . 3 0 )
1 0 1 0
( 9 . 9 )
1 0 2 0
( 9 . 8 )
1175
( 8 . 5 )
1125
( 8 . 9 )
( c )
A
7 2 3
( 1 3 . 8 5 )
743
( 1 3 . 5 0 )
1 1 0 7
( 9 . o )
1 1 7 8
( 8 . 5 )
+ S t r o n g  l i g a n d  a b s o r p t i o n ,  o c c u r s  h e r e .
( a )  A l l  bands  a r e  s t r o n g  u n l e s s  o t h e r w i s e  s t a t e d  (m = m e d iu m ,sh = sh o u ld e r , 
b r = b r o a d ) .  ( b )  T h ese  bands  a r e  u n r e s o l v e d  on a Beckman DK2 
s p e c t r o p h o t o m e t e r .  ( c )  The bands  i n d i c a t e d
w e re  m easured  i n  t h e  p r e s e n t  w o r k .  ( d )  From r e f e r e n c e  66.
( e )  From r e f e r e n c e  6? . ( f )  From r e f e r e n c e  68 . ( g )  From .•
r e f e r e n c e  61. ( h )  From r e f e r e n c e  47. ( i )  From r e f e r e n c e  69  .
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( a )  The p r e s e n c e  o f  t h r e e  main ban ds  o f  l o w  o r  
moderate  i n t e n s i t y ,  t y p i c a l  o f  h i g h  s p i n  n i c k e l ( 1 1 ) i n  an  
o c t a h e d r a l  (0, ) e n v i r o n m e n t „ The bands a r e  a s s i g n e d  a s  the
Pg and p eak s  i n  o r d e r  o f  i n c r e a s i n g  energy© Two
bands o f  v e r y  lo w  i n t e n s i t y  a t  a b o u t  430m|i and SOGmjj,
r e s p e c t i v e l y  a r e  p r o b a b l y  due to  s p i n  f o r b i d d e n  t r a n s i t i o n s ,
3
p o s s i b l y  f ro m  th e  l e v e l  to  the  s i n g l e t  s t a t e s
“ g
1  1  A (G )  and E (D )  r e s p e c t i v e l y ©
S  £
( b )  The v e r y  s t r o n g  s i m i l a r i t y  b e tw e e n  th e  s p e c t r a ,  
even  f o r  com p lexes  w i th  w i d e l y  d i f f e r i n g  an ions©  T h i s  
s u p p o r t s  the  o t h e r  e v id e n c e  f o r  th e  p r e s e n c e  o f  u n c o o r d in a t e d  
a n io n s  ©
The ^ sym m etr ic  o c t a h e d r a l  en v i ro n m e n ts  i n d i c a t e d  by
the  e l e c t r o n i c  s p e c t r a  f o r  t h e  3 * 1  com p lexes  s t u d i e d  h e re
s u g g e s t  t r i s  c h e l a t e  s t r u c t u r e s ,  as  i n  F i g u r e  l 6 © T h i s
c o n f i r m s  the  e a r l i e r  t e n t a t i v e  c o n c lu s i o n s  f rom  i n f r a r e d
m e a su rem ents  ©
Because  o f  the t r i s - c h e l a t e  s t r u c t u r e s  o f  t h e s e
fxeld.
com p lexes ,  an  e s t im a t e  o f  the l i g a n d  f+lrired s t r e n g t h  may be  
tsR® the
made d i r e c t l y ^  from/yvalue o f  V ^  The mean A v a l u e s  f o r  
£ -p h e n y X e n e d iam in e  and 4 -m e t h y l - o - p h e n y le n e d i a m in e  a r e  then
the spectra are twofold©
Q^. «*»
th e s e  two -va lues  i s  p r o b a b l y  not  s i g n i f i c a n t #
N -  2+
— X10,650 and IO,500cm res.pactively# The difference between
/  N i  /
F i g u r e  l 6 N  N
I A
N
( i i )  E l e c t r o n i c  S p e c t r a  o f  the  2 :1  Complexes ( N i ( o p d ) 0H a l 0)
The s p e c t r a  o f  th e  2 :1  com plexes  a r e  shown in  
F i g u r e  1 7  * These  show t h r e e  main bands  o f  weak  i n t e n s i f y
t y p i c a l  o f  h i g h  s p in  n i c k e l  ( X I )  -  bu t  i t  i s  n o t a b l e  t h a t : -
( a )  the  V1  bahd i s  i n  t h e  n e a r  i n f r a r e d  r e g i o n ,
jL »
a l t h o u g h  rem a in s  i n  a p o s i t i o n  com parab le  to  t W t  i n  th e
3 :1  co m p lexes ;
( b )  t h e r e  a re  c o n s i d e r a b l e  d i f f e r e n c e s  i n  the  s p e c t r a  
and ( c )  two bands o c c u r  a s  s h o u ld e r s  on the  lo w  e n e r g y
s i d e  o f  th e  V  Q band i n  a l l  t h r e e  com plexes#
Mi
The d i f f e r e n c e s  b e tw e e n  the  s p e c t r a  o f  the  t h r e e  h a l i d e  
com p lexes ,  i n d i c a t e  c o n s i d e r a b l e  i n t e r a c t i o n  be tw een  the  
h a l i d e  i o n  and  th e  m e ta l  and t h a t  the  i o n  i s  p r o b a b l y  
c o o r d in a t e d #  I t  i s  u n l i k e l y  t h a t  the  two s h o u ld e r s  on th e  
lo w  e n e r g y  s i d e  o f  the X) 2 band a re  b o th  due to  s p in  f o r b i d d e n  
t r a n s i t i o n s ,  a s  two such  bands  a re  not  u s u a l l y  fo u n d  i n  t h i s
Fi
go
l?
 
EL
EC
TR
ON
IC
 
SP
EC
TR
A 
OF 
TH
E 
2:
1 
CO
M
PL
EX
ES
 
- 
DI
FF
US
E 
R
EF
LE
CT
AN
CE
-  92 -
re g io n ©  I t  i s  more l i k e l y  t h a t  th e  com plexes  a r e  t e t r a g o n a l l y
d i s t o r t e d  ( D ^  symmetry) -  w i t h  consequent  s p l i t t i n g s  o f  the
3 3
T Q ( F ) and T 1 ( F ) l e v e l s ,  a s  d i s c u s s e d  i n  S e c t i o n  I©2 g  Xg
The \) ^ band w o u ld  th u s  be  s p l i t  i n t o  txvo components© One
o f  the  s h o u ld e r s  on th e  V  0 band  may be  one o f  th e se
Ci
3components ( p o s s i b l y  B0 ( F ) ) ? and th e  o t h e r  component i s2 g
3
the  s t r o n g e r  band  i n  th e  n e a r  i n f r a r e d  ( p o s s i b l y  E ( F ) ) 0
©
Maki [  31 ]  p r o p o s e s  a t e t r a g o n a l  s t r u c t u r e  f o r  the
c h lo r o -  complex  and has  a s s i g n e d  the 7 8 Qmp band  to  a s p i n
f o r b i d d e n  t r a n s i t i o n ©  W ith  the  bromo- and i o d o - c o m p le x e s  the
bands  a t  760mjJL and 745mp r e s p e c t i v e l y  a r e  much b r o a d e r  th a n
the  r e m a in in g  weak bands  and a r e  t h e r e f o r e  a s s i g n e d  to
3
t r a n s i t i o n s  to  the  Dgg l e v e l©  I t  i s  p r o b a b l e ,  t h e r e f o r e ,
— 1 3
t h a t  t h e  band  a t  1 2 8 0 cm i s  t h e  Ugo* comP OIies:j+  °£ %  °
T e t r a g o n a l  d i s t o r t i o n  i s  p r o b a b l y  t h e  r e s u l t  o f  two  
h a l i d e  i o n s  b e i n g  h e l d  i n  a t r a n s  p o s i t i o n  and two b i d e n t a t e  
l i g a n d s  l y i n g  i n  the  e q u a t o r i a l  p l a n e  (F ig©  18 ) ,  the  a x i a l  
f i e l d  due to  the  h a l i d e  i o n  b e i n g  much lo w e r  th an  t h a t  p ro d u c e d  
b y  the  d ia m in e  l i g a n d s  i n  th e  p lane©
x  r N  .^N
s ' / v --. — . - X — f X - 4 - — X 7
(  O' J  .j v / ^ N i  1 1 y . N i  ^  i
n  T “ K  * —  r
t
N 'N
Figure 18 Figure 19
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B r i d g i n g  ha lo g o n ,  w\I tli the  l  i g a n d  b e h a v in g  i n  a  
n o n o d o n ta to  manner ( F i g  Q 19 ) , i s  u n l i k e l y  i n  v i e w  o f  th e
i n f r a r e d  e v id e n c e  w h ic h  c l e a r l y  i n d i c a t e s  th e  p r e s e n c e  o f  
b i d e n t a t e  l i g a n d s  i n  t h e s e  com p lexes *  I n  a d d i t i o n ,  such a 
s t r u c t u r e  w i t h  f o u r  c o o r d i n a t e d  c h l o r i n e s  and two c o o r d i n a t e d  
n i t r o g e n s  w o u ld  be e x p e c t e d  t o  p roduce  e l e c t r o n i c  bands  a t  
much l o w e r  e n e r g y  v a l u e s  th a n  t h o s e  e n c o u n te r e d  i n  th e s e  
com plexes*  T h i s  i s  b o rn e  out  by  the  spec t rum  o f  
N i  ( a n i l i n e  ) g C l g g i v e n  i n  T a b l e  J.6 ©
The d e g r e e  o f  s p l i t t i n g  o f  \)  ^ i n c r e a s e s  f ro m  the  
c h l o r o - t o  the i o d o - c o m p le x *  T h i s  i s  p r e s u m a b ly  due t o  th e  
w eaken in g  o f  th e  a x i a l  l i g a n d  f i e l d  w h ic h  r e s u l t s  i n  i n c r e a s e d  
t e t r a g o n a l  d i s t o r t i o n *
3 \)The band  a s s i g n e d  a s  the  component o f   ^ i n  the
spec t rum  o f  the  bromo com plex  a p p e a r s  t o  show a v e r y  s l i g h t
s p l i t t i n g *  T h i s  i s  o n l y  d e t e c t a b l e  w i t h  th e  h i g h e r
r e s o l u t i o n  a f f o r d e d  b y  the  manual (S *P® 500 )  s p e c t r o p h o t o m e te r ,
b u t  the s p l i t  i s  r e p r o d u c i b l e  and o c c u re d  i n  th e  s p e c t r a  o f
two s e p a r a t e  sam ples  o f  th e  com plex*  T h i s  e f f e c t  may be
due to  s p l i t t i n g  o f  the  V g band ,  the sh ox i ld e r  o c c u r r i n g  a t
h i g h e s t  e n e r g y  b e in g  th e  component o f  t h e  l o w e r
3 }e n e r g y  s h o u l d e r  b e x n g ,  i n  f a c t ,  the  ®2g comP onen£; ° ^  <*
-  94 -
A w e l l - d e f i n e d  s h o u ld e r  i s  fo u n d  a t  5X0mji- on th e  
Z 0 band o f  t h e  io d o -c o m p le x #  T h is  i s  u n l i k e l y  to  be due
C*
to  s p l i t t i n g  o f  as  the  r e s u l t i n g  h i g h e s t  e n e r g y  component
3 3( w ou ld  be e x p e c t e d  to  b e  s t r o n g e r  th a n  t h e  A^^component [4-0
The s h o u ld e r  i s  t h e r e f o r e  p r o b a b l y  a c co u n te d  f o r  b 3^  e i t h e r
a s p i n  f o r b i d d e n  t r a n s i t i o n  o r  s p i n - o r b i t  c o u p l i n g  [  ?0 ] 0
I t  i s  p o s s i b l e  t h a t  th e  i n c r e a s e d  t e t r a g o n a l  d i s t o r t i o n  i n  th e
3 3io d o -  complex  h a s  c a u se d  B„ and A rt b an ds  to  o c c u r  a t
£g 2g
s i m i l a r  e n e r g i e s  such  t h a t  th e  r e s o l u t i o n  o f  th e  b r o a d
- Is h o u ld e r  a t  745cm i s  n o t  p o s s i b l e  u n d e r  t h e  c o n d i t i o n s  
employed#
( i i i )  E l e c t r o n i c  S p e c t r a  o f  th e  4 :1  Complexes
The e l e c t r o n i c  s p e c t r a  o f  two t y p i c a l  4 :1  com plexes  
a r e  shown i n  F ig #  20 «> T h re e  bands  o f  w eak  i n t e n s i t y  a r e
a g a i n  p r e s e n t  a l t h o u g h  i n  some com plexes  i t  i s  d i f f i c u l t  to  
d e t e c t  V   ^ ow ing  to  i n t e n s e  l i g a n d  a b s o r p t i o n s  i n  t h i s  r e g i o n #  
Comparing th e s e  s p e c t r a  w i t h  th o se  o f  the  3 s i  com p lexes  two  
p o i n f  s s tand  o u t : -
( a )  The V  g *>and i s  a t  a r a t h e r  h i g h e r  e n e r g y  p o s i t i o n  
th a n  i n  the  3 s i  com p lexes  ( a t  a b o u t  55Um[i a s  opposed  to  
580mja) # T h is  i s  r e f l e c t e d  i n  th e  c h a r a c t e r i s t i c  b l u e  c o l o u r s
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the  t e t r a k i s  com plexes *
( b )  The V x band  i s  a t  s l i g h t l y  lo w e r  e n e rg y  th a n  i n
th e  3 *1  com plexes  and two weak  bands a r e  p e r c e p t i b l e  as
s h o u ld e r s  on the  h i g h e r  e n e r g y  s i d e  o f  }%© I n  th e  case  o f
the b rom ide  com plex ,  N i ( o p d ) ^ B r 2, o n ly  one o f  t h e s e  s h o u ld e r s
was d e t e c t a b l e ,  bu t  t h i s  v e r y  p a l e ^ a lm o s t  w h i t e  complex  i s
p r e c i p i t a t e d  i n  a f i n e l y  powdered  form® I t  i s  p r o b a b l e ,
t h e r e f o r e ,  t h a t  t h e s e  bands  a r e  too  weak  to  be  r e s o l v e d  i n
t h i s  complex*
The v e r y  c l o s e  s i m i l a r i t y  i n  the  s p e c t r a  o f  the
c h lo r o  and bromo com plexes  a p p e a r s  to  i n d i c a t e  u n c o o r d in a t e d
h a l i d e  i o n s *  I n  a d d i t i o n  t h e r e  i s  v e r y  l i t t l e  d i f f e r e n c e
be tw een  the  s p e c t r a  o f  ja -p h e n y le n e d ia m in e  and 4-me th y l -o ^ -p h en y -
Ie n e d ia m in e  com p lexes ,  w h ic h  i s  to  be e x p e c t e d  i n  v i e w  o f  the
s i m i l a r i t y  o f  t h e i r  l i g a n d  f i e l d  s t r e n g t h s .
As i n  t h e  c a se  o f  th e  2 :1  com p lexes ,  i t  i s  u n l i k e l y
t h a t  t h e  two a d j a c e n t  s h o u ld e r s  on S) ^ b o t h  r e s u l t  f rom
s p in  f o r b i d d e n  t r a n s i t i o n s *  I t  i s  p r o b a b l e ,  a s  i n  th e
ca se  o f  t h e  2 :1  com p lexes  t h a t  t h e  com plexes  a r e  t e t r a g o n a l l y
d i s t o r t e d *  The b r o a d e r  o f  th e  two s h o u ld e r s  p r o b a b l y  r e s u l t s
3
f rom  a t r a n s i t i o n  t o  the  B0 s t a t e ,  and  th e  s t r o n g e r  band  xn
“  g
of the tris  complexes as opposed to the violet colour of
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the  n e a r  i n f r a r e d  to  a t r a n s i t i o n  t o  the 3& s t a t e #  Two
S
p o s s i b l e  s t r u c t u r e s  c o u ld  p roduce  t e t r a g o n a l  d i s t o r t i o n #
( a )  Two h a lo g e n s  c o o r d i n a t e d  i n  t r a n s  p o s i t i o n s  w i t h  
f o u r  m onodentate  amine l i g a n d s  i n  the  e q u a t o r i a l  p la n e
3
( F i g # 21 ) JST N
f  ?  >
y - i -------- /
/  N i  /
rF ig u r e  21 ^
( b )  Two monodentate  amines i n  t r a n s  p o s i t i o n s  and  
two b i d e n t a t e  l i g a n d s  i n  the  e q u a t o r i a l  p l a n e ,  w i t h  u n c o o r d in a t e d
2X"
S t r u c t u r e  ( a )  i s  u n l i k e l y  b e c a u se  t h i s  w o u ld  be  e x p e c t e d  
to  p roduce  a much lo w e r  l i g a n d  f i e l d  than  t h a t  a s s o c i a t e d  w i t h  
th e  bands i n  t h e s e  com p lexes  ( s e e  T a b l e  x6 f o r  th e  s p e c t r a l  
bands  o f  N i ( a n i l i n e ) ^ B r 0 ) *  M o reo v e r  i t  w o u ld  be e x p e c te d  th a t  
the  s p e c t r a  o f  t h e  c h l o r i d e  and  b rom ide  com p lexes  w ou ld  d i f f e r  
c o n s i d e r a b l y  i f  the  h a l o g e n  w e re  c o o rd in a te d #
- 9 8 -
S t r u c t u r e  ( b )  w o u ld  b e  e x p e c t e d  t o  be  t e t r a g o n a l l y
d i s t o r t e d  i f  t h e r e  w e re  a d i f f e r e n c e  i n  t h e  l i g a n d  f i e l d s  
m o n o
p ro d u c e d  by  E d e n t a t e  and  b i d e n t a t e  d iam ine  m o le c u le s *  Such  
a d i f f e r e n c e  c o u ld  r e s u l t  f rom  the  b i d e n t a t e  and monodentate  
l i g a n d s  h a v in g  d i f f e r e n t  m e t a l - n i t r o g e n  bond l e n g t h s  and 
d i f f e r e n t  C - N - N i  band a n g l e s #  I t  i s  p o s s i b l e  t h a t  i n  the  
m onodentate  l i g a n d  (F i g #  2 3 )  the  m o le c u le  i s  r o t a t e d  away f rom  
the  p o s i t i o n  i t  o c c u p ie s  as  a b i d e n t a t e  l i g a n d  ( F i g *  24 ) *
F i g u r e  23
II H
t o
K H
i
% F i g u r e  24
The A v a l u e s  f o r  m - t o l u i d i n e  and 3 -4 ~ x y X id in e  
( s e e  T a b l e  16 ) a r e ,  i n  f a c t  c o n s i d e r a b l y  l o w e r  than  t h o s e
o f  the b i d e n t a t e  d iam ines#  Hence s t r u c t u r e  ( b )  i s  the  most 
l i k e l y  f o r  th e s e  4 :1  com p lexes *
S p e c t r a  o f  t h e  two 6 :1  com p lexes  a r e  shown, i n  F ig#  21 
I t  i s  e v i d e n t  t h a t  t h e s e  s p e c t r a  a r e  v e r y  s i m i l a r  t o  th o se  o f  
the  4 :1  compound and show th e  same s p l i t t i n g  o f  - ,
p r e s u m a b ly  ow ing  to  t e t r a g o n a l  d i s t o r t i o n The s im ple  s t
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s t r u c t u r e  f o r  t h i s  c om p lex  w o u ld  c o n s i s t  o f  s i x  m onodentate  
l i g a n d s  c o o r d i n a t e d  o c t a h e d r a l l y  t o  the  n i c k e l  io n  w i t h  
u n c o o r d in a t e d  c h l o r i d e  i o n s ?
d i f f e r  f rom  the  s p e c t r a  o f  N i ( o p d ) ^ C l g and N i ( m o p d ) ^ C l 2 s i n c e
d iam in e  com p lexes *
( a )  S i x  monodentate  am ines  c o o r d i n a t e d  to  the  n i c k e l  
( a s  i n  F ig® 22 ) hut w i t h  t e t r a g o n a l  d i s t o r t i o n  p ro d u c e d  by
s t e r i c  f a c t o r s *
( b )  The s t r u c t u r e  o f  the  t e t r a k i s  com plex  w i t h  two  
d iam ine  m o l e c u le s  h e l d  i n  th e  l a t t i c e ,  i * e * ,  [ N i ( o p d ) ^ C l g ]2opd®
I n  t h i s  c o n n e c t i o n ,  B i a g e t t i  and HaendXer [  71 ]  have  
r e c e n t l y  p r e p a r e d  com p lexes  o f  t h e  f o rm u la  M ( p y ) ^ ( N 0 ^ ) g 
(where  M = Co, N i ,  py  = p y r i d i n e )  9 b u t  have  shown t h a t
F i g u r e  22
2 C 1
However ,  th e  s p e c t r a  o f  com p lexes  c o n t a i n in g  s i x  
p r im a ry  a r o m a t i c  amines c o o r d i n a t e d  to  n i c k e l  ( s e e  T a b l e  1 6 )
t h e r e  i s  no s p l i t t i n g  o f  th e  9 ^ band ,  and th e  V g band  i s  a t
c o n s i d e r a b l y  l o w e r  e n e r g y  ( a b o u t  6 3 0 m|i)*
Two p o s s i b l e  s t r u c t u r e s  may be p r o p o s e d  f o r  the  6 :1
- 1 0 1  -
t h e s e  com p lexes  a r e ,  i n  f a c t ,  [M (p y t o (N 0  ) ] 3 p y  -  t h r e e  p y r i d i n e
j  J  2
m o le c u le s  b e i n g  h e l d  i n  the  l a t t i c e *  The i n f r a r e d  s p e c t r a  
o f  the  compounds showed a band  c h a r a c t e r i s t i c  o f  u n c o o r d in a t e d  
p y r i d i n e #  The X - r a y  pow der  p h o to g r a p h s  and r e f l e c t a n c e  
s p e c t r a  were  i d e n t i c a l  t o  t h o s e  o f  t h e  p a r e n t  t r i s p y r i d i n e  
com p lexes  [ M ( p y ) ^ ( N O ^ ) *
T h e rm o g r a v im e t r i c  and d i f f e r e n t i a l  t h e rm a l  a n a l y s i s  
s t u d i e s  on the  6 :1  c> -pheny lened iam ine  com plexes  i n d i c a t e  t h a t  
the  o -p h e n y le n e d ia m in e  i s  f a i r l y  s t r o n g l y  bcEnd ( s e e  p# 59 to 
I n f r a r e d  measurem ents  show t h a t  the spec t rum  o f  N i ( o p d ) ^ C l 2 
i s  q u i t e  d i f f e r e n t  f rom  t h a t  o f  an i n t im a t e  m ix tu re  o f
o i -pheny lened iam ine  and N i ( o p d ) 4C l 2 ( o f  c o m p o s i t i o n  
[ N i ( o p d )  4C l p ]2 o p d )  -  see  F i g u r e  23 # The X - r a y  powder
p h o t o g r a p h s  ( F i g *  24 ) o f  N i ( o p d ) 4C l 2 and N i ( o p d ) ^ C l 2 a r e
c o m p le t e l y  d i f f e r e n t #
I t ,  t h e r e f o r e ,  seems t h a t  a s t r u c t u r e  w i t h  l a t t i c e  
l i g a n d  i s  u n l i k e l y #  I t  i s  more l i k e l y  t h a t  a l l  s i x  l i g a n d s  
a r e  c o o r d in a t e d *  I t  i s  p o s s i b l e  t h a t  the  t e t r a g o n a l  d i s t o r ­
t i o n  i s  c a u se d  b y  th e  p r e s e n c e  o f  o r th o  amino g ro u p s *  The  
m odels  i n  th e  p h o to g r a p h s  i n  F i g u r e  25 r e p r e s e n t  f o u r  
o -p h e n y le n e d ia m in e  m o le c u le s  a r r a n g e d  w i t h  th e  c o o r d i n a t i n g  
n i t r o g e n s  i n  a p l a n e  a ro u n d  a c e n t r a l  n i c k e l  atom* I t  was
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Fig . 25 Models showing four monodentate o_-phenylenediamine 
molecules with coordinating  nitrogens arranged ina  plane around
a cen tra l  n icke l  atom.
L  .
- Xo4 -
sac h
n e c e s s a r y  t o  ro  t a t  e^Q-phenyXene d iam ine  m o le c u le  o n i t s  M-N andM~€ 
a x e s  i n  o r d e r  to  accommodate th e  four benzene  r i n g s *  Xt i s  
a l s o  e v i d e n t  t h a t ,  i n  t h i s  a r ran gem en t  th e  u n c o o r d in a t e d  amino  
g ro u p s  a r e  t i l t e d  away f r o n  t h e  m e ta l  and do n o t  seem to
s t e r i c a l l y  h in d e r  the  c o o r d i n a t i o n  o f  the  am ines*  However ,
i n  t h i s  model i t  i s  i m p o s s i b l e  to  i n s e r t  f i f t h  and s i x t h  
d iam ine  m o le c u le s  i n t o  th e  a x i a l  c o o r d i n a t i o n  p o s i t i o n s *  Xt 
a p p e a r s ,  th e n ,  t h a t  i t  i s  d i f f i c u l t  f rom  the  s t e r i c  p o i n t  of 
v i e w  f o r  any a ro m a t i c  amine to  form a 6 : 1  com plex ,  i r r e s p e c t i v e
of w h eth e r  the  com plex  i s  s u b s t i t u t e d  i n  th e  o r th o  p o s i t i o n
o r  n o t ,  s u g g e s t i n g  t h a t  some fo rm  of d i s t o r t i o n  o r  g e n e r a l  
l e n g t h e n in g  of m e t a l - n i t r o g e n  bands  w ou ld  be  n e c e s s a r y  i f  
s i x  a ro m a t ic  amine m o l e c u l e s  w e re  to  b e  accommodated*
I n  r e c e n t  w ork  on o r t h o - s u b s t i t u t e d  amine com plexes  
o f  n i c k e l ( I I ) ,  B u tc h e r  [  6 9 ]  h as  i s o l a t e d  some impure sam ples  
o f  what a p p e a r  t o  be N i ( o ~ t o l u i d i n e  ) ^ (B F ^ )  g and N i ( q - e h l o r o a n i l i n  
( BJ?,) o • The i n f r a r e d  s p e c t r a  o f  t h e s e  compounds i n d i c a t e  i o n i c  j
u
f l u o r o b o r a t e  w h ich  suggest?  t h a t  a l l  s i x  amines a re  c o o r d i n a t e d *  
They  a r e  p in k  i n  c o l o u r ,  s i m i l a r  to  the  6 :1  o -p h e n y le n e d ia ra in e  
c o m p le x es ,  and have  s i m i l a r  e l e c t r o n i c  s p e c t r a  -  see  T a b l e  l 6 * 
C o n t r a r y  to  the e v id e n c e  o f  th e  m ode ls ,  i t  thus  seems 
q u i t e  p r o b a b l e ,  t h a t  o r t h o - s u b s t i t x x t i o n  i s  r e s p o n s i b l e  f o r
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the  t e t r a g o n a l  d i s t o r t i o n  i n  b o th  t h e s e  and the  o -p h e n y le n e  
d iam ine  com plexes#  The b u l k  o f  the e v id e n c e  thus  f a v o u r s  
s t r u c t u r e  ( a ) e
- 1 0 6  -
S E C T I O N  IV
OBTHO-PHENYLBNEDIAMINE COMPLEXES CONTAINING  
OXYANIONS, AND RELATED COMPOUNDS
- 107 -
A# THE PRE P .AR AT I  ON OF THE COMPLEXES 
A n a l y t i c a l  d a t a  o n  a r o m a t i c  d i a m i n e  c o m p le x e s  
c o n t a i n i n g  o x y a n io n s  a n d  on r e l a t e d  com pounds p r e p a r e d  i n  t h e  
c o u r s e  o f  t h e  p r e s e n t  w o r k  a r e  g i v e n  i n  T a b l e  17 # W i t h
t h e  e x c e p t i o n  o f  t h e  com pounds Z n ( o p d ) p S 04 a n d  N i ( o p d ) p ( N O ^ ) 2 
a l l  t h e  c o m p le x e s  d e s c r i b e d  a r e  e i t h e r  new  o r  h a v e  b e e n  
p r e p a r e d  b y  m e th o d s  n o t  p r e v i o u s l y  r e p o r t e d #  I n  g e n e r a l ,  
t h e  c o m p le x e s  w e r e  p r e p a r e d  e i t h e r  b y  r e a c t i o n  b e t w e e n  
a l c o h o l i c ,  a q u e o u s  a l c o h o l i c  o r  a q u e o u s  s o l u t i o n s  o f  t h e  l i g a n d  
a n d  t h e  a p p r o p r i a t e  m e t a l  s a l t ,  o r  b y  d e h y d r a t i o n  o f  a n  
a q u o  c o m p le x #
A l l  c o m p le x e s  w e r e  d r i e d  _i_n v a c u o  u n l e s s  o t h e r w i s e
s t a t e d #
( a ) B i s a q u o b i s ( o - p h e n y l e n e d i a m i n e ) n i c k e l ( I I ) s u l p h a t e
A s o l u t i o n  o f  _0“ p h e n y l e n e d i a m i n e  ( X 7 o 3 0 g ;  0 # l 6  m o le )  
i n  a q u e o u s  e t h a n o l  ( 220m l w a t e r  a n d  60m l o f  e t h a n o l )  w as  
a d d e d  d r o p w is e  w i t h  s t i r r i n g  t o  a s o l u t i o n  o f  n i c k e l  s u l p h a t e  
( 2 2 # 8 0 g  ; 0 * 0 8 5  m o le  o f  h e x a h y d r a t e )  i n  w a t e r  ( 5 5 m l ) # V i o l e t  
c r y s t a l s  o f  t h e  c o m p le x  s e p a r a t e d  a lm o s t  i m m e d i a t e l y ^ w e r e  
f i l t e r e d  o f f  a n d  w a s h e d  w i t h  e t h a n o l *  H i e b e r  [ 4  ]  r e p o r t e d
t h e  f o r m a t i o n  o f  t h e  a n h y d r o u s  c o m p le x ,  N ± ( o p d ) p S 0 4 u n d e r  t h e s e
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c o n d i t i o n s ,  b u t  i n  e a c h  o f  t h r e e  s e p a r a t e  p r e p a r a t i o n s  t h e  
h y d r a t e  w a s  o b t a i n e d *
B i s a q u o b i s ( o - p h e n y l e n a d i a m i n e ) n i c k e l ( X X ) s e l e n a t e  
T h i s  com pound a p p e a r e d  t o  e x i s t  i n  tw o  d i f f e r e n t  
fo r m s  (F o rm  X  a n d  F o rm  Y )  d e p e n d in g  on  w h e t h e r  i t  was  
p r e c i p i t a t e d  f r o m  a q u e o u s  o r  f r o m  m e t h a n o l i c  s o l u t i o n s *
( k )  F o rm  X  -  A s o l u t i o n  o f  o - p h e n y l e n e d i a m i n e  ( l 4 * 0 g  ; 0 * 1 3  m o le )  
i n  a q u e o u s  e t h a n o l  ( l 80m l o f  w a t e r  a n d  50m l o f  e t h a n o l )  was  
a d d e d  d r o p w is e  w i t h  s t i r r i n g  t o  a  s o l u t i o n  o f  n i c k e l  s e l e n a t e  
( 0 * 0 6 8  m o le )  i n  w a t e r  ( 7 5 m l ) *  T h e  v i o l e t  c r y s t a l s  w e r e  
f i l t e r e d  o f f  and  w a s h e d  w i t h  w a t e r  a n d  e t h a n o l *
F o rm  Y -  A s o l u t i o n  o f  o - p h e n y l e n e d i a m i n e  ( 2 ® l 4 g  ; 0 * 0 2 0  m ole)  
i n  m e t h a n o l  ( 30m l)  w as a d d e d  d r o p w is e  w i t h  s t i r r i n g  t o  a 
s o l u t i o n  o f  n i c k e l  s e l e n a t e  ( 3 ©10g ; 0*010  m o le  o f  h e x a h y d r a t e )  
i n  m e t h a n o l  ( 1 0 0  m l ) *  T h e  f i n e  p a l e  v i o l e t  c r y s t a l s  o f  t h e  
c o m p le x ,  w h ic h  s e p a r a t e d  o u t  r a p i d l y ,  w e r e  f i l t e r e d  o f f  a n d  
w a s h e d  w i t h  m e t h a n o l *
( d ) B i s a q u o b i s ( 4 - m e t h y l - o - p h e n y l e n e d i a m i n e ) n i c k e l ( I X ) s e l e n a t e  
A s o l u t i o n  o f  4 - m e t h y l - o - p h e n y l e n e d i a m i n e  ( 3 « 4 7 g  ;
0*028 m o le )  i n  m e t h a n o l  ( 25m l)  w as a d d e d  d r o p w is e  w i t h  s t i r r i n g  
t o  a  s o l u t i o n  o f  n i c k e l  s e l e n a t e  ( 4 * 4 5 g  | 0 * 0 1 4  m o le )  i n
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m e t h a n o l  ( l 4 0 m l ) #  T h e  m i x t u r e  was c o o l e d  t o  1 5 ° C  i n  a n  
i c e - b a t h  a n d  t h e  p a l e  v i o l e t  p r e c i p i t a t e  w as f i l t e r e d  o f f  an d  
w a s h e d  w i t h  m e t h a n o l *
( e )  S u l p h a t o b i s ( o - p h e n y l e n e d i a m i n e ) n i c k e 1 ( I I )
B i s a q u o b i s ( o - p h e n y l e n e d i a m i n e ) n i c k e 1 ( I I ) s u l p h a t e  
ow as h e a t e d  a t  100 C f o r  h a l f  an  h o u r  t o  y i e l d  a  p a l e  b l u e  
a n l iy d r o u s  c o m p le x #
( f ) S e l e n a t o b i s ( o - p h e n y l e n e d i a m i n e ) n i c k e l ( I I )
T h i s  c o m p le x  w as p r e p a r e d  b y  h e a t i n g  t h e  c o r r e s p o n d i n g  
h y d r a t e  ( N i  ( o p d )  ^ (H ^ O ) ^SeO^  ^F o rm  X )A# T h e  r e s u l t a n t  a n h y d r o u s  
com pound i s  p a l e  g r e y *
( g ) S e l e n a t o b i s ( 4 - m e t h y l - o - p h e n y l e n e  d i a m i n e ) n i c k e l ( I I )
A t t e m p t s  t o  p r e p a r e  t h i s  c o m p le x  b y  h e a t i n g  t h e  
c o r r e s p o n d i n g  h y d r a t e ,  N i ( m o p d ) ^ ( H ^ O ) o S e 0 ^ , w e r e  u n s u c c e s s f u l #  
T h e r m o g r a v i m e t r y  i n d i c a t e s  t h a t  l o s s  o f  l i g a n d  b e g i n s  b e f o r e  
r e m o v a l  o f  w a t e r  i s  c o m p l e t e  so t h a t  a p u r e  p r o d u c t  c o u l d  
n o t  b e  o b t a i n e d #
( h ) S u lp h a  t o b i s  ( o - p h e n y l e n e d i a m i n e  ) c o b a l t  ( 3CI)
A s o l u t i o n  o f  o ^ -p h -e n y T e n e d ia m in e  ( : l 6 04 8 g  5 0 # X 5  m o le )  
i n  a q u e o u s  e t h a n .o l  ( 230m l w a t e r  a n d  50m l e t h a n o l )  w as  a d d e d  
d r o p w is e  w i t h  s t i r r i n g  to -  a  . s o l u t i o n  o f '  c o b a l t ( I I )  s u l p h a t e  
( 4 2 * 1 2 g  5 0*15 m o le )  i n  w a t e r  ( 50m l)  t h r o u g h  w h ic h  n i t r o g e n  w as
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b u b b l in g ©  T h e  p i n k  c r y s t a l . l i n o  c o m p le x  s e p a r a t e d  r a p i d l y ,  
was f i l t e r e d  o f f ,  an d  w a s h e d  w i t h  a l i t t l e  w a t e r  an d  e t h a n o l ©  
A t t e m p t s  t o  make a h y d r a t e d  c o m p le x  u n d e r  a i r - f r e e  
c o n d i t i o n s  ( s e e  b e l o w )  f r o m  t h e  e v a p o r a t i o n  o f  a n  a q u e o u s  
s o l u t i o n  o f  C o ( o p d ) 2S0 ^ y i e l d e d  t h e  a n h y d r o u s  c o m p le x  a g a i n  
( a s  i d e n t i f i e d  b y  i t s  i n f r a r e d  s p e c t r u m )©
( i )  S e l e n a t o b i s ( o - p h e n y l e n e d i a m i n e ) c o b a l t ( I I )
A d d i t i o n  o f  a  c o b a l t  s e l e n a t e  s o l u t i o n  t o  a n  
c y -p h e n y le n e d ia r a in e  s o l u t i o n  u n d e r  o r d i n a r y  a t m o s p h e r i c  
c o n d i t i o n s  p r o d u c e d  v e r y  i n t e n s e  b ro w n  o r  v i o l e t  c o l o r a t i o n s  
w h ic h  i n d i c a t e d  t h a t  c o n s i d e r a b l e  o x i d a t i o n  h a d  t a k e n  p la c e ©  
C o n s e q u e n t l y  t h i s  p r e p a r a t i o n  xvas c a r r i e d  o u t  u s i n g  d e o x y g e n a t e d  
s o l v e n t s  u n d e r  p u r i f i e d  n i t r o g e n  e m p lo y in g  a p p a r a t u s  a n d  
t e c h n i q u e s  t h a t  h a v e  b e e n  p r e v i o u s l y  d e s c r i b e d  [ 7 2  ] 0
A s o l u t i o n  o f  o - p h e n y l e n e d i a m i n e  (2 © 6 0 g  ; 0 © 0 2 4  m o le )  
i n  m e t h a n o l  ( 80m l)  w as a d d e d  t o  a s o l u t i o n  o f  c o b a l t  s e l e n a t t .  
( 3 . 7 3 g ; 0 oQX2 m o le  o f  h e x a h y d r a t e )  i n  a q u e o u s  m e t h a n o l  
( 8m l o f  w a t e r  a n d  8 0 m l  o f  m e t h a n o l ) ©  P i n k  c r y s t a l s  o f  t h e  
c o m p le x  s e p a r a t e d  i m m e d i a t e l y  a n d  w e r e  f i l t e r e d  o f f  on  a  
s i n t e r e d  g l a s s  p l a t e ,  w a s h e d  w i t h  m e t h a n o l  a n d  d r i e d  i n  v a c u o  
f o r  2 4  h o u r s  w h i l s t  s t i l l  on  t h e  s i n t e r ©  Once d r y ,  t h e  
c o m p le x  a p p e a r e d  t o  be s t a b l e  i n  a i r  f o r  s e v e r a l  m onths©
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T h i s  c o m p le x  w as a l s o  p r e p a r e d  b y  h e a t i n g  t h e  c o m p le x  
C o ( o p d )  ^SeO^WpuntiX a p l a t e a u  o n  a  w e i g h t  l o s s  t e m p e r a t u r e  
c u r v e , c o r r e s p o n d i n g  t o  t h e  r e m o v a l  o f  one o - p h e n y l e n e d i a m i n e  
m o l e c u l e , w a s  o b t a i n e d *  T h e  s a m p le ,  a l t h o u g h  s o m ew h at c h a r r e d ,  
show ed  a n  i d e n t i c a l  i n f r a r e d  s p e c t r u m  t o  t h a t  o f  t h e  s a m p le  
o b t a i n e d  a b o v e *
( j  ) S u l p h a t o b i s  ( o - p h e n y l e n e d i a m i n e  ) z i n c  ( I I )
T h i s  w h i t e  c r y s t a l l i n e  c o m p le x  w as p r e p a r e d  b y  r e a c t i o n  
b e t w e e n  a q u e o u s  z i n c  s u l p h a t e  s o l u t i o n  a n d  a n  a q u e o u s  s o l u t i o n  
o f  £ - p h e n y l e n e d i a m i n e  a c c o r d i n g  t o  t h e  m e th o d  d e s c r i b e d  b y  
H i e b e r  [  4 ]  *
( Ic) S u l p h a t o t r x s ( o - p h e n y l e n e d i a m i n e ) n i c k e l ( I I )
A s o l u t i o n  o f  n i c k e l  s u l p h a t e  ( 6 * 6?g  ; 0 * 0 2 5  m o le  o f  
h e x a h y d r a t e  i n  w a t e r  ( l 4 m l ) )  w as a d d e d  t o  a s o l u t i o n  o f  
o - p h e n y l e n e d i a m i n e  ( l 4 * 8 5 g  ? 0 * l 4  m o le )  i n  w a t e r  ( 2 4 0 m l )  a t  
4 8 ° C *  T h e  m i x t u r e  w as a l l o w e d  to  c o o l  s l o w l y  f o r  1-J h o u r s *
A p a l e  v i o l e t - g r e y  s o l i d  s e p a r a t e d ,  was f i l t e r e d  o f f  w h i l e  
t h e  r e a c t i o n  m i x t u r e  w as s t i l l  w arm  ( 2 6 ° C )  a n d  w a s h e d  w i t h  
e t h a n o l *
H i e b e r  r e p o r t e d  a 4:1 c o m p le x ,  N z  ( oj->d) , t o  be
fo r m e d  w h e n  f o u r  o r  m o re  m o le s  o f  o t - p h e n y le n e d ia m in e  w e r e  
t r e a t e d  w i t h  X m o le  o f  n i c k e l  s u l p h a t e , b u t  i n  no  c a s e  was t h i s
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c o m p le x  i s o l a t e d  w h e n  t h e s e  p r o p o r t i o n s  o f  r e a c t a n t s  w e r e  
used© A t  ro o m  t e m p e r a t u r e  t h e  p r o d u c t  w as £ o r e d o m in a n t ly  t h e  
h y d r a t e d  2 : 1  c o m p le x ,  N i ( o p d ) 0 (H o0 ) oS 0 . , a n d  a t  e l e v a t e d
dj 2 2
t e m p e r  a  t u r e s  t h e  3 : 1  c o m p le x  f o r m e d  ( a s  d e s c r i b e d  a b o v e )©
( 1 ) S e l e n a t o t r i s ( o - p h e n y l e n e d i a m i n e ) c o b a l t ( I I ) m o n o h y d r a te
T h i s  c o m p le x  w as p r e p a r e d  u n d e r  a i r - f r e e  c o n d i t i o n s  
110
( s e e  p© &3 )© A s o l u t i o n  o f  o - p h e n y l e n e d i a m i n e  (1 0 © 3 g  ;
0©095 m o le )  i n  a q u e o u s  e t h a n o l  ( 150m l o f  w a t e r  a n d  30m l o f  
e t h a n o l )  w as a d d e d  t o  a  s o l u t i o n  o f  c o b a l t  s e l e n a t e  ( 0 ©0?6 m o le )  
i n  w a t e r  ( 5 0 m l ) ©  T h e  f i n e  p i n k  p r e c i p i t a t e  w h i c h  fo r m e d  
i m m e d i a t e l y  w a s  f i l t e r e d  o f f  a n d  r e j e c t e d ©  A f t e r  t h e  f i l t r a t e  
h a d  b e e n  s t a n d i n g  i n  a n  i c e  b a t h  f o r  s e v e r a l  h o u r s ,  p i n k  
c r y s t a l s  o f  t h e  c o m p le x ,  C o { o p d )  ^ S e O ^ H ^ O , s e p a r a t e d ©  T h e  
m o th e r  l i q u o r  w as d e c a n t e d  f r o m  t h e  c r y s t a l s  w h ic h  w e r e  t h e n  
w a s h e d  w i t h  a c e to n e ®  Once d r y ,  t h e  c o m p le x  a p p e a r e d  t o  b e  
s t a b l e  i n  a i r  f o r  s e v e r a l  m onths© T h e  h i g h  c o b a l t  a n a l y s i s  
f i g u r e s  f o r  t h i s  com pound may p o s s i b l y  b e  due t o  t h e  p r e s e n c e  
o f  c o b a l t  s e l e n a t e  a s  a n  i m p u r i t y ©  T h e r m o g r a v i m e t r y  shows  
t h a t  t h i s  com pound a n d  t h e  c o x 'T e s p o n d in g  s i n e  c o m p le x  
d e h y d r a t e  a t  a b o u t  150°C ©
A s o l u t i o n  O f  z i n c  s e l e n a t e  ( 3 ° 1 7 g  ; 0 * 0 0 9 5  m o le  o f
h e p t a h y d r a t e ) i n  w a t e r  ( 10m l)  w as a d d e d  d r o p w is e  w i t h ,  s t i r r i n g
t o  a s o l u t i o n  o f  _ o - p h e n y l e n e d ia n i in e  i n  a q u e o u s  m e t h a n o l
( 2 5 m l  o f  m e t h a n o l  and 25m l o f  w a t e r ) #  T h e  f i n e  w h i t e
p r e c i p i t a t e  w h ic h  f o r m e d  i m m e d i a t e l y  was f i l t e r e d  o f f  a n d
r e j e c t e d #  On s t a n d i n g  f o r  1 0  m in u t e s  w h i t e  c r y s t a l s  o f
Z n (o p d to S e O /H ^ O  f o r m e d ;  t h e s e  w e re  f i l t e r e d  o f f  an d  w a s h e d  w i t h  
J ft 2
w a t e r  a n d  e t h a n o l #
( n )  S e l e n a t o t r i s ( o - p h e n y l e n e d i a m i n e ) z i n c
T h i s  com pound w as p r e p a r e d  on  a m i c r o - s c a l e  b y  
h e a t i n g  t h e  c o r r e s p o n d i n g  h y d r a t e ,  Z n (o p d )^ S e O ^ H ^ O  on  a 
t h e r m o b a l a n c e  u n t i l  a p l a t e a u  a t  a w e i g h t  l o s s , c o r r e s p o n d i n g  
t o  t h e  l o s s  o f  one w a t e r  m o l e c u l e , w a s  o b t a i n e d *
( o )  D i n i t r a t o b i s ( o - p h e n y l e n e d i a m i n e ) n i c k e l ( X I )
A s o l u t i o n  o f  o - p h e n y l e n e  d i a m in e  ( 3 * 2 4 g  ; 0 # 0 3 0  m o le )  
i n  e t h a n o l  ( 7 5 m l)  w as a d d e d  d r o p w i s e  w i t h  s t i r r i n g  t o  a  s o l u t i o n  
o f  n i c k e l  n i t r a t e  ( 4 #38 g ; 0*051  m o le  h e x a h y d r a t e )  i n  e t h a n o l  
( 6Q m l ) # T h e  v i o l e t  s o l i d  w h ic h  p r e c i p i t a t e d  i m m e d i a t e l y ,  
w as f i l t e r e d  o f f  a n d  w a s h e d  w i t h  e t h a n o l #
P a p a f i l  [  8 ]  p r e p a r e d  t h i s  com pound u s i n g  a c e t o n e
s o l u t i o n s  o f  t h e  d i a m i n e  a n d  t h e  m e t a l  s a l t  b u t  d i d  n o t  r e p o r t  
f u l l  e x p e r i m e n t a l  d e t a i l s *
- 1 1 4  -
F o r  t h i s  a n d  s u b s e q u e n t  p r e p a r a t i o n s  o f  c o m p le x e s  o f
4 -  me t h y  1 -  o> -  p h  e n y  1 e n e d i a  m in e  i d e n t i c a l  m e th o d s  t o  t h o s e  u s e d
f o r  t h e  p r e p a r a t i o n  o f  t h e  c o r r e s p o n d i n g  o - p h e n y l e n e d i a m i n e
employed
c o m p le x e s  w e r e  u-s~-@-d * C o n s e q u e n t l y  o n l y  w e i g h t s
o f  r e a c t a n t s  a n d  v o lu m e s  o f  s o l v e n t s  a r e  g i v e n *
4- - m e t h y l - o - p h e n y l e n e  d i a m in e  ( 1 4 * 2  g ; 0 * 0 1 2  m o le )  i n  
e t h a n o l  ( 15m l)  was a d d e d  t o  n i c k e l  n i t r a t e  ( 2 ®3 3 g ; 0*012  m o le )  
i n  e t h a n o l  ( 10m l)  p r o d u c i n g  a  p a l e  v i o l e t  s o l i d *
( q )  B i s  t h i o c y a n a t  o b i s  ( o -  p l ie  n y l  e n e d ia  m in e  ) n i c k e l  ( I I )
A s o l u t i o n  o f  o - p h e n y l e n e d i a m i n e  (3 © 2 8 g  ; 0 * 0 3 0  m o le )  
i n  e t h a n o l  ( 4 5 m l )  w as a d d e d  d r o p w is e  w i t h  s t i r r i n g  t o  a  
s o l u t i o n  o f  n i c k e l  t h i o c y a n a t e  ( 0*02 m o le  -  p r e p a r e d  as  
d e s c r i b e d  on  p *  4 2 )  i n  e t h a n o l  ( 6 5 m l ) *  T h e  c o m p le x  w h ic h  
s e p a r a t e d  i m m e d i a t e l y  w as f i l t e r e d  o f f  a n d  w a s h e d  w i t h  e t h a n o l *
( r  ) B i s t h i o c y a n a t o b i s  ( 4 - m e t h y l ~ o - p ) h e n y l e n e d i a m i n e  ) n i c k e l  ( I I )
A s o l u t i o n  o f  4 - m e t h y l - o ^ - p h e n y l e n e d i a m i n e  ( 2 * 2 6 g  ; 
0*0185 m o le )  i n  e t h a n o l  ( 4 5 m l )  was a d d e d  t o  a  s o l u t i o n  o f  n i c k e l  
t h i o c y a n a t e  ( 0 * 0 i 4 4  m o le )  i n  e t h a n o l  ( 65m l)  p r o d u c i n g  a  p a l e  
l i l a c  s o l i d ®
(p ) D i n i t r a t o b i s (4 - m e t h y l - o - p h e n y l e n e d i a m i n e )n i c k e l (X X )
-  1 1 5  -
T h i s  com pound h a s  b e e n  p r e v i o u s l y  p r e p a r e d  toy 
B a n d y o p a d h a y a y  [  12  ]  b y  t r e a t i n g  a q u e o u s  n i c k e l  a c e t a t e  
s o l u t i o n  w i t h  a n  e t h a n o l i c  o - p h e n y l e n e d i a m i n e  s o l u t i o n  f o l l o w e d  
b y  a q u e o u s  s o d iu m  n i t r i t e  s o l u t i o n ©  T h e  p r e s e n t  m e th o d  
u t i l i s e d  t h e  d i r e c t  r e a c t i o n  b e t w e e n  m e t h a n o l i c  s o l u t i o n s  o f  
n i c k e l  n i t r i t e  a n d  o - p h e n y l e n e d i a m i n e  ©
A s o l u t i o n  o f  _ o - p h e n y le n e d ia m in e  ( 3 * 2 4 g  ; 0©03G  m o le )
i n  m e t h a n o l  ( 20m l )  w as a d d e d  d r o p w is e  w i t h  s t i r r i n g  t o  a
s o l u t i o n  o f  n i c k e l  n i t r i t e  ( 0 ©02Q m o le )  i n  m e t h a n o l  ( l 45m l)  -
p r e p a r e d  a s  d e s c r i b e d  on  p© 43 « T h e  s a lm o n  p i n k  c o m p le x ,w h ic h  
p r e c i p i t a t e d  im m e d i a t e l y # w a s  f i l t e r e d  o f f  a n d  w a s h e d  w i t h  
m e th a n o l©
( t ) D i n i t r o b i s ( 4 - m e t h y l - o - p h e n y l e n e d i a m i n e ) n i c k e l ( X I )
A s o l u t i o n  o f  4 - m e t h y l - a y - p h e n y l  ene  d i a m in e  ( 3 . 6 8 g  ?
0©030 m o le )  i n  m e t h a n o l  ( 25m l)  w as a d d e d  t o  a s o l u t i o n  o f  
n i c k e l  n i t r i t e  ( 2 ©00m l)  i n  m e t h a n o l  ( I 50m l)  p r o d u c i n g  a s a lm o n  
p i n k  s o l i d ©
(s ) D i n i  t r o b i s ( o - p h e  n y l e n e d i  a m i n e )n i  e k e 1(11)
- 1 1 6  -
TA B IE _ i7  A N A LYSIS  AND DE j £ ^ ? g ^ O N . _OF^COMPOUNDS PREPARED I N
SECTIO N I V
Compound C o l o u r %M e t a l
%
C a r b o n
%
H y d r o g e n
%
N i t r o g e n
( a N i ( o p d ) 2 (H 2 0 ) 2 S 0 4 v i o l e t F o u n d 1 4 . 4 6 3 5 . 3 1 5 * 1 9 1 3 . 5 6
C a l c d * 1 4 . 4 2 3 5 . 4 0 4 .9 5 1 3 . 7 6
(b N i ( o p d )  2 ( H 2 0 )  2S q 04 v i o l e t F o u n d 1 3 . 0 6 3 1 . 5 5 4 .5 5 1 2 . 1 9
(F o r m  X ) CaXcd# 1 2 . 9 3 3 1 . 7 4 4 .4 5 1 2 . 3 4
( c Nx ( o p d )  2 (H 2 0 )  ^ e O ^ v i o l e t F o u n d 1 3 . 0 6 3 2 .2 5 4 .6 8 1 2 . 3 8
(F o r m  Y ) CaXcd# 1 2 .9 3 3 1 . 7 4 4 .4 5 1 2 . 3 4
( d N i ( m o p d )  2 (H 20 )S e 0 Zt
S£
v i o l e t F o u n d  
CaXcd#
1 2 .0 3
1 2 . 1 8
3 5 . 4 6
3 4 . 8 7
5 .0 2
5 . 1 7
1 1 . 4 6
1 1 .6 2
( e N i ( o p d ) 2 S 0 4 b l u e F o u n d 1 5 . 8 2 3 8 . 9 9 4 .4 5 1 4 . 4 5
CaXcd# 1 5 . 8 2 3 8 . 8 2 4 .3 7 1 5 . 0 9
( f N i ( o p d ) 2 S e 0 ^ g r e y F o u nd 1 4 . 2 8 3 4 . 8 5 3 .8 5 1 3 . 2 2
C a lc d # 1 4 . 0 4 3 4 . 4 7 3 . 8 7 1 3 . 4 0
( h C o ( o p d ) 2 S 0 L p i n k F o u n d 1 5 . 6 5 3 9 . 2 9 4 . 4 0 1 4 . 6 0
C a l c d  * 1 5 . 8 7 3 8 . 8 1 4 . 3 5 1 5 . 0 8
( i C o ( o p d )^ S e O ^ p i n k F o u n d 1 4 . 2 7 3 3 . 7 8 3 . 9 0 12  . 4 0
C a l c d , 1 4 . 0 9 3 4 . 4 6 3 . 8 5 1 3 . 3 9
( j S n ( o p d ) 2 s o a w h i t e F o u n d 1 7 . 6 4 3 8 .0 9 4 . 3 7 1 4 .6 5
C a lc d # 1 7 . 3 2 3 8 .1 6 4 . 2 7 1 4 .8 3
( k N i ( o p d ) g r e y F o u nd 1 2 . 3 4 4 4 .8 2 4 . 9 8 1 7 .2 3
C a l c d * 1 2 . 2 5 4 5 . 1 2 5 . 0 5 1 7 .5 4
(1 C o (o p d )  SeO^HgO p i n k F o u n d
C a lc d #
1 1 .1 0
1 0 . 8 3
3 8 . 7 3
3 9 . 7 2
4 . 8 4  
4 . 8 2
( C o n t d .
1 4 . 4 2  
1 5 . 4 5
3£ S u l p h u r  a n a l y s e s # ( a )  F o u n d :  7 .8 9 ° / ; C a lc d * 7.86?i>.
( e ) F o u n d *  8 * 5 1 % ,  C a X c d * 8 * 6 4 % ,  ( k ) F o u n d  * 6 * 65%; C a l c d .  6 .7096
*-  1 1 ?  -
T A B L E  3 7  (Co n t d )
Compound C o lo u r $M e t a l
$
C a r b o n
$
H y d r o g e n
%
N i t r o g e n
(m ) Z n C c p d )  „Se0»*Ho0 w h i t e F o u n d 1 2 . 1 9 3 8 .8 2 5 . 0 7 1 4 . 6 3
C a l c d . 1 1 . 8 4 3 9 . 2 6 4 . 7 6 1 5 . 2 7
( n ) Z n ( o p d ) 3 SeOz, w h i t e F o u n d - 4 0 . 1 9 4 . 5 6 1 5 . 7 8
C a l c d . - 4 0 . 5 9 4 . 5 4 1 5 . 7 7
3*4-87
( o ) N ± ( o p d )  2 (NO^ ) ^ v i o l e t F o u n d 3 ? t4 § 3 5 . 1 5 4 .16 2 0 . 26
C a l c d 0 1 4 . 7 1 3 6 . l l 4 . 0 6 2 1 .2 0
( p ) H i ( m o p d ) 2 (N O ^ ) 2 v i o l e t F o u n d 1 3 .8 8 3 8 .6 1 5 . 0 4 18.66
3£ C a l c d . 1 3 . 7 5 3 9 . 3 6 4 . 7 1 19 .6 9
( q ) N i ( o p d ) 2 (N C S ) 2 l i l a c F o u n d 1 5 . 0 5 4 2 . 8 ? 3 . 9 4 2 1 .1 0
C a l c d . 1 4 .  98 4 2 . 8 9 4 . 1 3 2 1 . 4 6
( r ) N i ( m o p d ) 2 (N C S ) 2 l i l a c F o u n d 1 3 . 9 0 4 5 . 5 3 5 . 0 9 1 9 . 8 4
C a ic d o 1 4 . 0 1 4 5 . 8 3 4 . 8 2 2 0 . 0 7
( s ) H i ( o p d ) 2 (N O g ) 2 p i n k F o u n d X6.06 3 8 .6 9 4 . 5 8 22.6 8
C a l c d . 1 5 . 9 9 3 9 . 2 6 4 . 4 1 2 2 .9 1
( t ) N i ( mop d ) 2 (H 02 ) 2 p i n k F o u n d 1 4 .9 0 4 2 . 6 1 5 .0 6 2 1 . 2 3
4 C a l c d . 1 4 . 8 6 4 2 . 5 5 5 . 1 1 2 1 .2 8
ss S u l p h u r  a n a l y s e s ;  ( q )  F o u n d  1 6 .2 3 $ ?  C a l c d .  1 6 . 36$ .
- 1 1 8  -
1 *  M a g n e t i c  M e a s u r e m e n t s 
T h e  r e s u l t s  o f  m a g n e t i c  s u s c e p t i b i l i t y  m e a s u r e m e n ts  
f o r  m o s t  o f  t h e  c o m p le x e s  r e p o r t e d  i n  t h i s  s e c t i o n  a r e  show n  
i n  T a b l e  18  « V a l u e s  f o r  "the n i c k e l  c o m p le x e s  w e r e
i n  t h e  r a n g e  3 © 0 8 - 3  © 1 9  B * M * t y p i c a l  o f  o c t a h e d r a l  o r  d i s t o r t e d  
o c t a h e d r a l  h i g h  s p i n  n i c k e l ( I I )  [ 6 2 ]© I n  a d d i t i o n ,  t h e  
e l e c t r o n i c  s p e c t r a  o f  t h e  n i c k e l  c o m p le x e s  d i s c u s s e d  l a t e r  
i n  t h i s  s e c t i o n  s u p p o r t  o c t a h e d r a l  r a t h e r  t h a n  f i v e - c o o r d i n a t e  
o r  t e t r a h e d r a l  s t r u c t u r e s *
T h e  c o b a l t  com pounds s i m i l a r l y  h a v e  m a g n e t i c  m om ents  
t y p i c a l  o f  h i g h  s p i n  o c t a h e d r a l  c o b a l t ( I I )  [  6 2  ]©
2 a I n f r a r e d  M e a s u r e m e n ts  -  C -N  S t r e t c h i n g  a n d
N~H S t r e t c h i n g  F r e q u e n c i e s
- 1  - 1  B an d s  i n  t h e  1 2 5 0 c m  a n d  t h e  3 0 0 0 c m  r e g i o n ,  g x v e n  m
T a b l e s  19 sod 2 0  a r e  a s s ig n e d - to  t h e  C -N  a n d  N -H  s t r e t c h i n g ^
v i b r a t i o n s  r e s p e c t i v e l y ,  e x c e p t  i n  t h e  c a s e s  o f  t h e  f o l l o w i n g
s e r i e s  o f  c o m p le x e s :
( a )  I n  t h e  h y d r a t e d  2 : 1  c o m p le x e s  t h e  b a n d s  a t  
— 1
a p p r o x i m a t e l y  3 4 5 0 c m  a r e  p r o b a b l y  due t o  0 - H  s t r e t c h i n g
B ? R E S U L T S  A N D  D I S C U S S I O N
1-  1 1 9  -  
TABLE 18  MAGNETIC DATA
Compound
^  G 
c * g* s *u#
x  1 q 9
^  M
O 0 g 0 S a U ©
x  I Q 6
D
C o g , Se< U 0
xXO b
* A
C 0 g ,  S -110
xXO 6 I 
1
0 
1
Hi 
i 
r1
 
3
M-e f f
(Bohr)
Mag.
N i ( o p d ) 2 ( H 2 0 ) 2 S 0 4 9 7 3  0 . 3958 2 1 0 4 16 8 2 9 4 ^ 3 . 1 4
N i ( o p d ) 2 (H 20 ) 2S e 0 4 
(F o rm  X )
8 8 9 ^ 4037 221 4258 2 9 5 3 . 1 8
H i ( o p d ) „ S 0 .“ dx Lh 10720 3 9 7 8 1 8 4 4 1 6 2 296 3 . 1 5
N I ( o p d ) oS e 0 A 9 5 2 5 3 9 8 1 1 9 5 4 1 7 6 2 9 3 3 . 1 4
C o ( o p d ) 27600 10250 1 8 4 1 0 4 3 0 2 9 3 4 .96
C o ( o p d ) oS e 0 , *± 2 3 1 2 0 9669 1 9 5 9 8 6 4 288 4 . 7 9
N i ( o p d ) 8090 3876 256 4 1 3 2 2 9 5 3.13(5)
C o ( o p d ) 3 SeOz, * H p0 20^30 11120 285 .11405 2 9 7 5 .  2.2
N i  (m o p d ) 2 (NO^ ) 2 9 4 4 4 4 0 3 3 206 4 2 3 9 2 9 7 3 . 1 9
N i ( o p d ) 2 (N C S ) 2 1G200 3 9 9 8 206 4-204 2 9 4 3 . 1 6
N x ( m o p d ) „ (N C S ) 0£U cL
8998 3 7 7 0 230 4 o o o 2 9 4 3 .0 8
N i ( o p d ) _ ( N O - ) „w Ms Mi
1 0 3 4 0 3 7 9 5 1 6 4 3 9 5 9 298 3 .0 8
N x ( m o p d ) 2 ( N 0 9 ) 2 9 8 1 0 3 8 7 6 188 4 0 6 4 2 9 5  " 3 . 1 1
- 1 2 0  -
T A B  IE 19 I N F R A R E D A B S O R P T I O N  F R E Q U E N C I E S  I N  T H E  R A N G E
1 3 0 0 - 1200cm- 1
Compound
( a ) ,  - 1 ,F r e q u e n c y  (cm  }
N i ( o p d ) g ( H 2° ) 2S° 4 1 2 4 0 , X2 3 1 s h
N i  ( o p d ) 2 ( H g0 ) g SeO^ 1 2 5 0 , 1 2 3 7  sh
F o rm  X
N i ( o p d ) 2 ( H g0 ) 2 S & 0k  
F o rm  Y
N i ( m o p d )  2 ( £% 0 ) g5 e 0 ^
1 2 3 9
1 2 5 2 , 1219
N i ( o p d ) g ) S 0 4 
N i ( o p d )^ S e O ^
1 2 5 3
1 2 5 1 , 1238
C o ( o p d ) 2 SC%
Co ( o p d )  2S e 0 b 
Z n ( o p d )
1258
1 2 5 3
1 2 5 9
N i ( o p d ) ^ S 0 £, 1 2 7 9 , 1250w, 1 2 3 2 m
Co ( o p d )  ^ S e 0 Zi* H g0 1 285 ,- 1 2 6 3  •
Z n ( o p d )  ^SeO^, 1 2 8 7 , 1 2 6 6 , 126 l s h
Z n (  o£)d) ^SeO^ 1 2 9 0 , 1 2 7 4
N i ( o p d ) g ( N 0 ^ ) 2 
N i ( m o p d )  (NO ) 0~ tLx J Cx
1238
1 2 5 9 , 1218
N i ( o p d ) 2 (N C S ) 2 
N i ( m o p d ) _ (N C S ) _
Let d .(b)
1 2 4 4
1 2 5 3 , 1 2 2 5
N i ( o p d ) 2 (N 0g ) 2 
N i ( m o p d ) 2 ( N 0 g ) 2
1 2 7 2  V 124-5
1285, * 1 2 2 4
( a )  A l l  b a n d s  a r e  s t r o n g  u n l e s s  o t h e r w i s e  s t a t e d ,
( b )  T h e s e  b a n d s  p r o b a b l y  r e s u l t  f r o m  9  ( N 0 o ) *
S  di
- 1 2 1  -
3 , 5 0 0 - 3 , 000cm” 1
T A B L E  20 I N F R A R E D  A B S O R P T I O N  F R E Q U E N C I E S  I N  T H E  R A N G E
2£ —  1Com pound F r e q u e n c y  (cm  )
N i ( o p d ) 2 (H 20 ) 2S 0 4 
N i ( o p d ) 2 (H 20 ) 2S e 0 z, 
(F o r m  X )  
N i ( o p d ) 2 ( H 20 ) 2S e 0 4 
(F o rm  Y )
H i  (m o p d )
N i ( o p d ) oS 0 h2 jC
N i ( o p d ) 2 $ @0^ 
C o ( o p d ) 2S 0 z,
C o ( o p d ) oSe0»2 TC
S n ( o p d ) pS0^ 
N l ( o p d ) 3 S0^ 
C o ( o p d ) 3 S e 0 4H 20 
Z n ( o p d ) 3 S e 0 /,H 2 0  
Z n (  o p d )  3 SeOz<
Hi. ( o p d )  2 (N 0 3 ) 2
N i ( m o p d ) 2 (N 0 ^ ) 2 
N i ( o p d ) 2 (N C S ) 2 
N i ( m o p d ) 2 (N C S ) 0 
N i ( o p d ) 2 ( N 0 2 ) 2 
N i ( r a o p d ) 2 ( N 0 2 ) 2
3 4 4 0 m , 3 3 1 2 , 3 2 4 8 ,  3 1 2 0 , 3047m  
3450ia(bd), 3 3 1 5 ,  3 2 5 3 ,  3 1 2 5 ,  3038m
3 4 1 7 m , 3 3 0 4 ,  3 2 2 6 , 3120 
3 4 6 0 n ty %  3 2 7 9 ,  3 1 9 5 ,  3 0 9 6
3 3 2 0 , 3 2 9 5 , 3 2 7 5 ,  3 2 4 3 ,  3 2 0 5 , 3 1 7 5 ,  3 1 2 8 ,
3036m
3 2 9 3 ( s h ) , 3 2 2 5 ,  3 1 7 5 ( s h ) , 3 1 0 0 ,  3 0 5 0 m ( s h )
3 3 1 5 ,  -3 2 7 0 , 3 2 3 5 ,  3 1 7 0 ,  3 1 2 8 , 3027m  
3 3 1 1 m, 3 2 6 8 , 3 1 5 5 ,  3 1 0 6 , 3021m 
3 3 2 8 , 3 2 7 8 ,  3 2 4 5 ,  3 2 1 0 , 3 1 7 3 ,  3 1 2 0 , 3035m
3 4 0 2 m , 3 2 9 9 ,  3 2 8 0 , 3 2 4 0 ,  3 1 7 2 ,  3 1 3 0 ,  3050m  
3 4 5 0 m , 3250m, 3 2 8 2 , 3 2 0 0 , 3 1 2 0 , 3 0 4 ?
3 4 4 0 m , 32 53m, 3 2 8 2 , 3 2 0 3 ,  3 1 0 6 , 3 0 3 9
3 4 2 5 m , 3 3 3 3 m, 3 2 6 6 s h ,  3 1 7 5 ,  3 1 0 1 , 3 0 7 0 m , 3038m
3 3 1 7 ,  3 2 5 0 , 3 2 2 4 ,  3 1 9 5 ,  3 1 6 3 ,  3 1 3 0 , 3065m,
303 5 m
3 3 1 7 ,  3 2 6 8 , 3 2 3 1 , 3 1 9 3 , 3 1 5 3 , 3106mfcl^, 3021m
3 2 8 1 , 3 1 7 5 ,  3 1 2 7 ,  3 0 7 7 , 3 0 1 7 m
3 3 0 4 ,  3 2 7 3 ,  3 2 0 3 ,  3 1 0 3 ,  3006
3 2 9 4 , 3 2 3 2 , 3 1 7 5 m , 3 0 7 5 m , 3 1 1 5 w ,  3 0 5 0 w
3 2 8 9 , 3 2 2 9 , 3 l 80s h ,  3 1 1 5 m, 3026w
x  A l l  b a n d s  a r e  s t r o n g  u n l e s s  o t h e r w i s e  s t a t e d ,
- 12 2 -
H o w e v e r ,  i n  t h e  3 * 1  c o m p le x  Z n ( o p d )  , t h e  b a n d  a t
3 3 4 0 c m " 1 r e m a in s  on  d e h y d r a t i o n  a n d  s o  t h i s ,  a n d  t h e
- 1c o r r e s p o n d i n g  b a n d  i n  C o ( o p d )  ^ S e 0 ^ H o0 ( a t  3 4 5 0 c m  ) h a s  b e e n
a s s i g n e d  t o  N -H  s t r e t c h i n g *
—  1( b )  I n  t h e  n i t r o - c o m p l e x e s  t h e  b a n d s  a t  a b o u t  X280cm  
a r e  p r o b a b l y  d u e  t o  t h e  N - 0  s y m m e t r ic  s t r e t c h i n g  m ode*
A p p l y i n g  t h e  c r i t e r i a  d i s c u s s e d  i n  S e c t i o n  I I I  (p ® 7 7  )? 
i t  a p p e a r s  t h a t  a l l  t h e  2 : 1  c o m p le x e s  d e s c r i b e d  i n  t h i s  s e c t i o n  
c o n t a i n  c h e l a t i n g  d i a m i n e  m o l e c u l e s  s i n c e ;
( a )  t h e  o - p h e n y l e n e d i a m i n e  c o m p le x e s  a l l  show a s i n g l e
— 1C -N  v i b r a t i o n  a t  a b o u t  1 2 5 0 c m  , a n d  t h e  4 - m e t h y X - o - p h e n y l e n e ~
d i a m in e  c o m p le x e s  show tw o  b a n d s  i n  t h e  l o w e r  e n e r g y  p o s i t i o n
— I  — Ia t  a p p r o x i m a t e l y  1250 cm a n d  X220cm~ r e s p e c t i v e l y ®
( b )  t h e  h i g h e s t  f r e q u e n c y  N -H  s t r e t c h i n g  b a n d s  f o r  t h e
£ - p h e n y l e n e d i a m i n e  c o m p le x e s  a n d  t h e  4-tne t h y  l - q - p h e n y l e n e  d i a m i n e
— 1 —1 —1 c o m p le x e s  a r e  i n  t h e  r a n g e  3 3 2 8 cm -  328 lc m  a n d  3 3 1 7 cm
- 13 2 79 cm r e s p e c t i v e l y *
T h e  p r e s e n t  r e s u l t s  f o r  t h e  com pound N i ( o p d ) g S 0 ^  do n o t
a g r e e  w i t h  t h o s e  o b t a i n e d  b y  B a r v i n o k  a n d  B u k h a r e v a  [  33  ] 7 who
- 1o n  t h e  b a s i s  o f  a n  N -H  b a n d  a t  34-1 ocm , s u g g e s t e d  t h e  p r e s e n c e  
o f  m o n o d e n ta te  d ia m in e ®  I n  t h e  p r e s e n t  r e s u l t s  t h e  h i g h e s t
v i b r a t i o n s  a n d  d i s a p p e a r  o n  d e h y d r a t i o n  of the c o m p l e x e s *
- 1 2 3  -
e n e r g y  N -H  b a n d  o c c u r s  a t  3% 20cm  a n d  t h i s ,  t o g e t h e r  w i t h  C -N
s t r e t c h i n g  f r e q u e n c i e s  a n d  m a g n e t i c  moment v a l u e s ,  i n d i c a t e s  an
o c t a h e d r a l  s t r u c t u r e  w i t h  b i d e n t a t e  d ia m in e  * I t  i s  p o s s i b l e  .
t h a t  t h e  s a m p le  u s e d  b y  B a r v i n o k  and  B u k h a r e v a  w as c o n t a m i n a t e d
w i t h  N i ( o p d ) 3 SG4 o r  N i ( o p d )^ (H ^ G )p S O ^  t h e  p r e s e n c e  o f  e i t h e r
o f  w h ic h  com pounds  w o u ld  p r o d u c e  b a n d s  a t  h i g h e r  f r e q u e n c i e s
t h a n  t h o s e  u s u a l  f o r  b i d e n t a t e  d i a m i n e  m o l e c u l e s .
T h e  3 i l  ^ o - p h e n y le n e d ia m in e  s u l p h a t o  a n d  s e l e n a t ©
c o m p le x e s  a p p e a r  t o  c o n t a i n  a t  l e a s t  one m o n o d e n ta te  d i a m i n e
- 1m o le c u l e #  A C -N  s t r e t c h i n g  b a n d  i s  fo u n d  a t  a b o u t  1 2 8 0 c m  
a n d  t h e  h i g h e s t  f r e q u e n c y  N -H  s t r e t c h i n g  b a n d s  a r e  i n  t h e  r a n g e  
3 4 5 0 ~ 3 4 0 2 c m  1 a s s o c i a t e d  w i t h  u n c o o r d i n a t e d  a m in o  g r o u p s *
T h e  m a g n e t ic  a n d  i n f r a r e d  d a t a  d e s c r i b e d  so  f a r  i n d i c a t e  
t h a t  t h e  2 : 1  c o m p le x e s  h a v e  b i s - c h e l a t e  s i x - c o o r d i n a t e  
s t r u c t u r e s  w i t h  c o o r d i n a t e d  a n i o n s ,  e x c e p t  i n  t h e  c a s e  o f  t h e  
h y d r a t e d  c o m p le x e s #  T h i s  i s  c o n f i r m e d  b y  t h e  i n f r a r e d  b a n d s ,  
a n d  b y  t h e  e l e c t r o n i c  s p e c t r a  o f  t h e  c o m p le x e s ,  w h ic h  a r e  d e a l t  
w i t h  n e x t *
3 * S u l p h a t e  a n d  S e l e n a t e  C o m p le x e s
( i )  I n f r a r e d  A b s o r p t i o n s  o f  t h e  S u l p h a t e  a n d  S e l e n a t e  G ro u p s
( a )  T h e  2 : 1  c o m p le x e s
T h e  i n f r a r e d  s p e c t r a  o f  i o n i c ,  mono a n d  b i d e n t a t e  s u l p h a t e
- 1
- 1 2 4  -
g r o u p s  a r e  d i s c u s s e d  i n  S e c t i o n  I  ( p ,  33  ) .  T h e  b e h a v i o u r  o f
s e l e n a t e  g r o u p s  a p p e a r s  t o  b e  a n a lo g o u s ©
T h e  i n f r a r e d  a b s o r p t i o n s  a s s o c i a t e d  w i t h  s u l p h a t e
a n d  s e l e n a t e  f o r  t h e  c o m p le x e s  p r e p a r e d  i n  t h i s  w o r k  a r e  l i s t e d
i n  T a b l e s  21 m d  2 2 .  The h y i r a t e d  c o m p le x  N i  ( o p d )  ^ (H ^ O ) ^SO^ shows
a. s i n g l e  b r o a d  \)  i n f r a r e d  b a n d  a t  1 1 3 0 - 1 0 3 0 cm~ , t y p i c a l  o f
2+i o n i c  s u lp h a t e ©  T h e  c a t i o n  [ N i ( o p d ) ^ ( H ^ O )  ] t h u s  seem s t o
b e  p r e s e n t ©  T h i s  i s  c o n s i s t e n t  w i t h  t h e  m a g n e t i c  an d  l i g a n d
- 1i n f r a r e d  d a ta ©  A w e a k  b a n d  a t  800cm  may be  a s s o c i a t e d  w i t h  
t h e  r o c k i n g  mode o f  c o o r d i n a t e d  w a te r ©  On h e a t i n g  t o
1 0 0 ° C t h e  a n h y d r o u s  c o m p le x  N i ( o p d ) oS0^  i s  p r o d u c e d  a n d  t h e
— 1 —1 800cm b a n d  t o g e t h e r  w i t h  a n  a b s o r p t i o n  a t  3 4 4 0 c m  due t o
G -H  s t r e t c h i n g  v i b r a t i o n s  d is a p p e a r s ©  T h e  c o m p le x ,  N i ( o p d ) 2SO^
h a s  l i g a n d  i n f r a r e d  b a n d s  v e r y  s i m i l a r  t o  t h o s e  f o r  C o ( o p d ) 2S0^
a n d  Z n ( o p d ) 2SO^ and  b i s c h e l a t e  s t r u c t u r e s  a r e  i n d i c a t e d ©  T h e
m a g n e t i c  d a t a  o n  t h e  f i r s t  tw o  com pounds s u g g e s t  s i x - c o o r d i n a t e
s t r u c t u r e s  p r e s u m a b l y  w i t h  b i d e n t a t e  s u l p h a t e  g ro u p s ©  T h e
s p l i t t i n g  o f  t h e  V  ^ b a n d  s u p p o r t s  t h i s ©  W x th  C^y s y m m e tr y ,
^ i s  e x p e c t e d  t o  s p l i t  i n t o  t h r e e  bands©  T h e  c o m p le x ,
N i ( o p d )^ S e O ^  show s c o n s i d e r a b l e  l i g a n d s  a b s o r p t i o n s  i n  t h i s
r e g i o n  f r o m  w h ic h  s e l e n a t e  b a n d s  a r e  a b s e n t  so  t h a t  t h e  b a n d s
c a n n o t  b e  i d e n t i f i e d  w i t h  a b s o l u t e  c e r t a i n t y ©  T h e  com pounds
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TABLE 21 IN F R ARED ABSORPTIONS OF T H E  SULPHATE AND SELENATE  
COMPLEXES I N  THE RANGE 1 2 0 0 - 9 5 0 c m - i
Compound - 1A b s o r p t i o n  F r e q u e n c y  (cm  )
N ± ( o p d ) 2 ( H 20 ) 2S 0 4 1 1 3 0 - 1030v s , b r ( ^ )
N i ( o p d ) 2 (I-Ip0 ) 2S e 0 4 1 0 9 2 m , 1 0 8 3 m , 1070m
(F o r m  X )
N i ( o p d ) 2 (H 2C ) 2S e 04 1 1 5 7 w , 1 1 3 1 m, 1 1 1 9 m, 1 2 1 5 s ,  1 0 7 3 s ,  1 0 4 l s ,  983W
(F o rm  Y )
N i ( m o p d ) 2 (K 20 ) 2S e 0^ 1 1 3 8 m, 1080s ,  1 0 4 7 m , 1029m
N i  ( o p d )  gSO^ 1 1 3 9 s  ( )  ? 1 1 0 2 v s ,  1 0 8 8 v s {  10 40 s -,  s h (  V 0 ) , 1 0 3 0 s  ,shp02;
X321ui,sh, 1097m 1 0 4 7 m , shN x ( o p d ) 2SeO^ 
C o ( o p d )g S O ^ 1 1 4 2 s ( V 3 ) #1 0 9 9 v s ,  IG B O v s ( ) , 1 0 2 9 s c y  ) ,  989mCto
C o (o p d )g S e O ^  
Z n ( o p d ) 2 S 0 4
N i  ( opd ) ^SOj,
C o ( o p d ) 3 S e 0 4 . H 20
Z n (o p d )^ S e O ^ ^ H g O
Z n ( o p d )  „SeO,,
3 p-
1 0 9 5 m, 1 0 3 6 s
1 1 3 6 s ( \7„) ) l i o i v s , io 8 6 v s ( V_) , 1 0 3 1 s ( V), 1026s,sh
( V , !
1 158m, s h ,  l l 4 l s  , 1120m, 1100m, s h ,  1086m, 1 0 5 7v s ,  10 4 0  vs,sh,
9 6 9 m (? 1 )
1 1 5 7 m , 112,5sra, 1099s ,  1 0 7 8 s ,  1 0 3 9 V S ,  s h ,  1 0 3 2 v s , 1 0 1 0 s , s h ,
978m
1 1 3 8 m , 1 1 1 4 8 , 1 0 9 5s , 1056s , 1 0 3 8v s , 1 015v s  
1 152 m , 1 1 0 4 m , 1 0 3 8 s , 1 0 4 0 s , 10 l 8v s , 975kh
- 1 2 6  -
TABLE 2 2  IN F R A R ED ABSORPTIO N S  OF THE SULPHATE AND SELENATE
COMPLEXES I N  THE RANGE 9 0 0 ~ 8 0 0 c r : f 1
Compound
- 1
A b s o r p t i o n  F r e q u e n c y  (cm )
N i  ( o p d )  2 ( H 20 ) 2 $Ql  ^ 8 6 0 w , 8 0 0 w , b r
m ( o p d ) 2 ( H 20 ) g S e 0 z, 
(F o r m  X )
N i ( o p d )  (H Q0 )  SeO,C* d aj •*£
(F o rm  Y )
N i ( m o p d ) 2 ( H 2 0 ) 2 S e 0 4 
N i ( o p d ) oS 0 ,
“ir
N i ( o p d )
C o ( o p d ) 2 ^ 0 ^  
C o ( o p d ) 2S e 0 z,
Z n (  o p d )  2^ %
N i ( o p d ) ^SO^ 
C o ( o p d ) 3 S e 0 ^ * H 2 0  
Z n (o p d )^ S e O ^ ^ H g O  
Z n (o p d )^ S e O ^
8 6 6 s ,  ( S > ) ,  8 4 4 v s  O A ) , 8 3 0 s h  ( % ? )
3 3
8 7 5  -  8 5 0 v s ,  br(S?3 >, 825m, s h ( V 1 ? )
8 7 0  -  855v s ,  b r ( V 3 ) 
8 58w
8 8 l s ( } } 3 ), 8 6 8 v s ( v ^ ) ,
8 5 4 w
892s ()73 ) ,  8 6 8 v s ( ) / \ j ) ,
859^
8 4 4 s  ( ^  ) ,  S iO m l') )  )
8 5 7 v s ( ) ) 3 ) ,  8 3 9 m (V 1 )
57  w
8 7 5 v s ( V 3 ), 8 5 5 v s ( V ? 3 ), 
8 7 5 v s ( V 3 ), 8 5 6v s ( y ^ ) ,  
8 68v s ( Y ? 3 ), 8 5 5 v s ( V 3 ),
8 4 0 v s ( ' | ) 3 ) ,  805v s  (V~l ) 
8 4 0 v s ( V 3 ) ,  8 l 4 v s ( V % ) 
8 4 2 v s ( V  ) ,  8 l 6 v s 0 % )
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•“ 1 2 8  —
N x ( o p d )^ S Q ^ ,  C o ( o p d ) 2 SCZ( a n d  Z n ( o p d ) 2 SO^ h a v e  s t r o n g  b a n d s  a t  
a b o u t  1 X 4 0 ,  1 1 0 0 ,  1 0 9 0  a n d  X 040cm  © T h e  XIOOcro b a n d  i s  
a s s u m e d  t o  be  a l i g a n d  a b s o r p t i o n ,  s i n c e  i t  o c c u r s  i n  t h i s  
r e g i o n  w i t h  N i ( o p d ) oS e 0 . a n d  C o ( o p d ) „ S e O . , a n d  t h e  r e m a i n i n g
1L1 *C 2  £.
t h r e e  b a n d s  a r e  t h u s  a s s i g n e d  t o  t h e  t h r e e  c o m p o n e n ts  o f  V ^
f o r  b i d e n t a t e  s u lp h a t e ©  T h e  c o m p le x  Co ( o p d ) ^SeO^, a l s o  shows
— 1a s t r o n g  b r o a d  l i g a n d  a b s o r p t i o n  a t  1 0 3 6 c m  © T h i s  l i g a n d
a b s o r p t i o n  may a c c o u n t  f o r  t h e  b r o a d e n i n g  o f  t h e  b a n d  a t
- 1a p p r o x i m a t e l y  1 0 3 0 c m  i n  t h e  s p e c t r u m  o f  C o ( o p d ) 2 S0^©
W i t h  t h e  l o w e r i n g  o f  s y m m e try  t h e  p r e v i o u s l y  i n f r a r e d
i n a c t i v e  s y m m e t r ic  S - 0  s t r e t c h i n g  f r e q u e n c y  ( V ^ )  s h o u ld
- 1becom e i n f r a r e d  a c t i v e ©  S h a r p  b a n d s  a t  a b o u t  1 0 3 0 c m  f o r
r i n c  ©. x
t h e  n i c k e l  a n d  s i x  c o m p le x e s  an d  989cm f o r  t h e  c o b a l t  c o m p le x
a r e  a s s i g n e d  t o  7 % .  T h e  b a n d  i s  s e p a r a t e d  f r o m  t h e
l o w e s t  c o m p o n e n t o f  V  w i t h  t h e  c o b a l t  c o m p le x  b u t  a p p a r e n t l y
s u p e r im p o s e d  on i t  f o r  t h e  n i c k e l  a n d  z i n c  c o m p le x e s  a s  shown
i n  F i g u r e  2 6 ©
T h e  SG^ a s y m m e t r i c  b e n d in g  mode ( ) ,  e x p e c t e d  a t
a b o u t  600cm **", h a s  n o t  b e e n  s t u d i e d  i n  d e t a i l  f o r  t h e s e
c o m p le x e s  a s  o n l y  s m a l l  s p l i t t i n g s  a r e  a p p a r e n t  a n d  a s s i g n m e n t
i s  made d i f f i c u l t  b y  l i g a n d  a b s o r p t i o n s  i n  t h i s  r e g io n ©
T h e  s e l e n a t e  g r o u p  shows s i m i l a r  i n f r a r e d  b e h a v i o u r  t o
- 1 2 9  -
t h a t  o f  s u l p h a t e ,  t h e  f r e e  i o n  h a v i n g  a n  i n f r a r e d  a c t i v e  V 0
J
v i b r a t i o n  a t  a b o u t  850cm  %  T h e  h y d r a t e d  c o m p le x
N i ( o p d )  0 ( H o0 ) oS e 0 , h a s  b e e n  o b t a i n e d  i n  tw o  fo r m s  (p© |fX06) *"
dU 2 2 jl
F o rm  X  p r e p a r e d  f r o m  a q u e o u s  e t h a n o l  a n d  F o rm  Y  p r e p a r e d  f r o m
m e th a n o l©  F o rm  X  show s some s p l i t t i n g  o f  w i t h  b a n d s  a t
— I  —  18 8 6 ( s )  an d  8 4 4  ( s )c m  a n d  a l s o  a w e a k  s h o u l d e r  a t  830cm ©
- 1F o rm  Y h a s  a s i n g l e  b r o a d  a b s o r p t i o n  a t  8 7 5 ~ '8 5 0cm  ( w i t h  a
— 1s h o u l d e r  a t  825cm ) t y p i c a l  o f  i o n i c  s e l e n a t e  a n d  s u g g e s t i n g
t h e  s t r u c t u r e  [ N i ( o p d ) 2 ( H ?0 ) 2 ]SeO^© T h e  a p p a r e n t  s p l i t t i n g ,  o f  
9 ^ t o  F o rm  X  c o u l d  be d u e  t o  t h e  s t r u c t u r e  [ N i  ( o p d )  ^ (H ^ O ) S e O ^ j H ^  
A l t e r n a t i v e l y  i t  may be  due t o  r e d u c t i o n  o f  t h e  s i t e  s y m m e try  
o f  t h e  s e l e n a t e  i o n  i n  t h e  s o l i d  s t a t e ,  F o rm s  X  a n d  Y p o s s i b l y  
b e i n g  d i f f e r e n t  c r y s t a l  f o r m s  o f  t h e  com pound [nx  (o P d ) 2 (H 20 ) ^ S e 0 4 . 
T h e  m e a s u r e m e n ts  o n  t h e  a n h y d r o u s  s e l e n a t e  c o m p le x  r e p o r t e d  
h e r e  w e r e  p e r f o r m e d  on  t h e  c o m p le x  f o r m e d  b y  d e h y d r a t i o n  o f  
F o rm  X ,  b u t  t h e  p r o d u c t  o b t a i n e d  b y  h e a t i n g  F o rm  Y h a d  a n  
i d e n t i c a l  i n f r a r e d  s p e c tru m ©  I n  t h e  a n h y d r o u s  s e l e n a t e  c o m p le x  
t h e  p r e s e n c e  o f  c o o r d i n a t e d  s e l e n a t e  i s  i n d i c a t e d  b y  t h e  
m a g n e t i c  e v id e n c e ©  T h e  i n f r a r e d  b a n d s  a s s i g n e d  t o  t h e  
s p l i t t i n g  o f  V o  u n d e r  C V s y m m e try  a r e  f o u n d  a t  88 l ,  868 an d
j} Z v
—  1 — 1844cm  i n  t h e  n i c k e l  c o m p le x  a n d  a t  , 868 a n d  8 5 7 cm i n
t h e  c o b a l t  ( I I )  c o m p le x ©  T h e  V i  b a n d  i s  f o u n d  a t  8 l0 c m  i n
-  1 3 0  -
t h e  n i c k e l  c o m p le x  and  a t  839cra  i n  i k e  c o b a l t  c o m p le x #  T h e
s p e c t r a  o f  t h e  c o r r e s p o n d i n g  s u l p h a t e  c o m p le x e s  show w e a k  l i g a n d
a b s o r p t i o n s  i n  t h i s  r e g i o n  w h ic h  seem t o  b e  c o m p l e t e l y  m a s k e d
b y  t h e  s e l e n a t e  a b s o r p t i o n s #
T h e  4 - m e t h y l - ^ - p h e n y l e n e d i a m i n e  h y d r a t e d  s e l e n a t e
c o m p le x  show s a  s i n g l e  J ) ^  s e l e n a t e  b a n d  w i t h  a n  i l l - d e f i n e d
— 1s h o u l d e r  a t  8 70cm , a n d  p r e s u m a b ly  h a s  t h e  s t r u c t u r e
( N i ( m o p d ) 0 ( H o0 )  ) S e O , *
«£j 2 2 q
( b ) T h e  3 ; 1  C o m p le x e s
T h e  z i n c  a n d  c o b a l t ( U )  c o m p le x e s  d i s c u s s e d  i n  t h i s  
s e c t i o n  c o u l d  n o t  b e  o b t a i n e d  p u r e  b u t  t h e y  a r e  i n c l u d e d  h e r e  
b e c a u s e  t h e y  t h r o w  u s e f u l  l i g h t  on  t h e  s t r u c t u r e  o f  t h e  p u r e  
n i c k e l  s u l p h a t e  c o m p le x *  T h e  i n f r a r e d  r-e-d s p e c t r a  o f  t h e s e  
c o m p le x e s  a r e  r e p r o d u c i b l e  f r o m  p r e p a r a t i o n  t o  p r e p a r a t i o n  a n d  
i t  i s  u n l i k e l y  t h a , t  t h e  i m p u r i t i e s  a f f e c t  t h e  s p e c t r a  
a p p r e c i a b l y *
T h e  C -N  s t r e t c h i n g  a n d  N -H  s t r e t c h i n g  b a n d s  f o r  a l l  
t h e s e  3 ; 1  c o m p le x e s  i n d i c a t e  t h e  p r e s e n c e  o f  some m o n o d e n ta te  
a m in e  m o l e c u l e s  a n d  t h e  m a g n e t i c  m om ents a n d  t h e  e l e c t r o n i c  
s p e c t r a  o f  t h e  n i c k e l ( I I )  a n d  c o b a l t ( I I )  c o m p le x e s  i n d i c a t e  o c t a ­
h e d r a l  c o o rd in a t  i o n  in  b o th  c o m p le xe s *  T h i s  t h e r e f o r e  s u g g e s t s  
t h a t  t h e  s u l p h a t e  o r  s e l e n a t e  i o n  i s  c o o r d i n a t e d #
— 1
- 1 3 1  -
F i g . 2 7  I N F R A R E D  S P E C T R A  O F  3 : 1  C O M P L E X E S  I N  R A N G E  1 2 0 0  -  7 5 0  c m -0
F r e q u e n c y  ( c m * " 1 )
- 1 3 2  -
T h e  I n f r a r e d  s p e c t r u m  o f  t h e  c o m p le x ,  N i ( o p d ) 0SO^ shows
- 1
a n u m b e r  o f  b a n d s  i n  t h e  1 1 0 0 cm r e g i o n  w h ic h  c o u l d
o s t e n s i b l y  i n d i c a t e  a s p l i t V ~  b a n d *  H o w e v e r ,  C o (o p d )  S e O .H  0
J 5 2
h a s  v e r y  s i m i l a r  i n f r a r e d  b a n d s  i n  t h i s  r e g i o n  due  t o  t h e
a m in e  ( s e e  F i g u r e  27  ) *  X t  i s  t h e r e f o r e  v e r y  d i f f i c u l t  t o
a s s i g n  s t i l p h a t e  b a n d s  i n  t h i s  r e g io n ®  A s h a r p  m ed iu m  
Sand at 9 ^ c in “I
i n t e n s i t y ^ i s  p r o b a b l y  t h e V ^  b a n d ,  as  no  a n a lo g o u s  l i g a n d  
a b s o r p t i o n s  o c c u r  h e r e  w i t h  t h e  s e l e n a t e  c o m p le x e s ®
T h e  h y d r a t e d  z i n c  s e l e n a t e  c o m p le x ,  Z n ( o p d ) 3S e 0 ^ H o0 ?h a s  
a v e r y  s i m i l a r  s p e c t r u m  t o  t h e  a n h y d r o u s  c o m p le x  a n d  i t  i s  
u n l i k e l y  t h a t  t h e  w a t e r  i s  c o o r d i n a t e d  i n  t h i s  a n d  i n  t h e  
c o r r e s p o n d i n g  c o b a l t ( X X )  co m p le x®
T h e  c o b a l t ( X X )  a n d  z i n c  s e l e n a t e  c o m p le x e s  a l l  h a v e
— 1 Oof o u r  v e r y  s t r o n g  b a n d s  i n  t h e  8 50c m  r e g i o n  ( s e e  T a b l e  ) *
T h e s e  p r o b a b l y  r e s u l t  f r o m  a s p l i t t i n g  o f  t h e  ')) ^  s e l e n a t e
a b s o r p t i o n  u n d e r  s y m m e tr y ,  an d  f r o m  t h e  a c t i v a t i o n  o f
t h e  V  mode® I t  i s  j u s t  p o s s i b l e  t h a t  t h e  b a n d  a t  a b o u t  
— X8-3 5 cm i n  a l l  o f  t h e s e  c o m p le x e s  i s  c a u s e d  b y  t h e  s u p e r p o s i t i o n
—  1o f  a v e r y  w e a k  l i g a n d  a b s o r p t i o n  w h ic h  o c c u r s  a t  8 5 7 cm f o r  
N i ( o p d ) 3 S0^ -  b u t  i t  i s  m o re  l i k e l y  t h a t  t h i s  i s  one o f  t h e  
c omp on en t  s o f  ^ ®
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P o s s i b l e  s i x - c o o r d i n a t e  s t r u c t u r e s  f o r  t h e  c o m p le x e s
0 0
a r e \
N
%  
0 y  %
I'Cj l  4
/ M
W - h - 0/ ,  f i
( /  M /  %  l>h—® '
ft 0
S nt — j-
F i g u r e  2 8 ( i )
F i g u r e  28  ( i i )
( i i )  E l e c t r o n i c  S p e c t r a
( a )  T h e  H y d r a t e d  CouroXexes
T h e  e l e c t r o n i c  d i f f u s e  r e f l e c t a n c e  s p e c t r a  o f  t h e
2 : 1  h y d r a t e d  s u l p h a t e  a n d  s e l e n a t e  c o m p le x e s  a r e  show n i n
F ig ©  2 8  , a n d  t h e  p r i n c i p a l  a b s o r p t i o n  f r e q u e n c i e s  a r e
X i s t e d  i n  T a b l e  23  © F ro m  m a g n e t i c  e v i d e n c e  a s i x
c o o r d i n a t e  s t r u c t u r e  i s  m o s t  l i k e l y  f o r  t h e s e  c o m p le x e s ©  T h i s
i s  c o n f i r m e d  b y  t h e  e l e c t r o n i c  s p e c t r a  w h ic h  h a v e  t h r e e  m a in
b a n d s  a t  a b o u t  1 0 5 0 ( 9 , ) ,  5 ^ 0 ( 9  ) a n d  345m|0. ( 9L ) , a n
X  ci j
a r r a n g e m e n t  t y p i c a l  o f  h i g h  s p i n  s i x  c o o r d i n a t e  n i c k e l ( X I )
3
w i t h  a A n  ^ g r o u n d  s t a t e ©  I n  a d d i t i o n  tw o  w e a k  b a n d s  a r e  
f'ouni ^
fo rm e d : a t  a b o u t  ?40m p an d  7 90m|i r e s p e c t i v e l y ©  T h e  n a r r o w e r  
b a n d  i s  p r o b a b l y  d u e  t o  a  s p i n  f o r b i d d e n  t r a n s i t i o n ,  b u t  t h e
- 1 3 4  -
SELENATE COMPLEXES -  D IF F U S E  REFLECTANCE
T A B L E  23 E L E C T R O N I C  S P E C T R A  O F  T H E  N I C K E L ( I I )
( a )Compound A b s o r p t i o n  M a x im a  ( u p p e r  f i g u r e  i n  mjj,, l o w e r
b r a c k e t e d  f i g u r e  i s  cm~bx l O ~ %
V 3 ^0ill 1
N i ( o p d ) 2 ( H 2 0 ) 2 S 0 4 3 42 565 7 4 lm 786ra 1 0 5 7
( 29 . 3 3 ) ( 1 7 . 7 0 ) ( 1 3 . 5 0 ) ( 1 2 . 7 2 ) ( 9 . 4 6 )
N i ( o p d ) 2 ( H 2 0 ) 2 S e 0 4 343 45  Ow 5 5 7 745m 8o6in 9 8 4
(F o r m  X ) ( 2 9 . 1 5 ) ( 2 2 . 2 2 ) ( 1 7 . 9 5 ) ( 1 3 . 4 2 ) ( 1 2 . 4 1 ) ( 1 0 . 1 6 )
N i ( o p d ) 2 ( H g O ) 2 SeO^ 3 4 7 560 740m 790m 1058
( F o r a  Y ) ( 2 8 . 8 2 ) ( 1 7 . 8 6 ) ( 1 3 . 5 D ( 1 2 . 6 6 ) ( 9 , 4 5 )
N i ( m o p d )  2 ( H 2 0 ) 2S e 0 4 3 5 0
( 2 8 . 5 7 )
555
( 1 8 . 0 2 )
745m
( 1 3 . 3 3 )
8 l 0nt
( 1 2 . 8 2 )
1 0 8 4
( 9 . 2 3 )
N i ( o p d ) 2 S 0 4 3 6 5 -3 7 5 * 4 6  5 w 630 7 5 5 w 950 - 1050b d
(27,40 -  
2 6 . 6 7 )
( 2 1 . 5 0 ) ( 1 5 . 8 7 ) ( 1 3 . 2 4 ) ( 1 0 . 5 3 - 9 . 5 2 )
N i ( o p d ) 2S e0 4 3 7 0 5 7 0 8 0 0 9 4 - 0 ,1 1 5 3 *
( 2 7 . 0 3 ) ( 1 7 . 5 4 ) ( 1 2 . 5 0 ) ( 1 0 . 6 4 )
N i  ( o p d ) 3 5 2 4 3 0 5 7 0 9 1 3 b r
(b)
N i e n 2 (H 20 ) 2 (C 10 4 )3
( 2 8 . 4 1 )
3 4 5
( 2 3 . 2 6 ) ( 1 7 . 5 4 )
5 4 3 7 9 4
(10
7 3 0
. 7 5 )
1020
(b)
N i e n  (I-t 0 )  (B 0 .  ) „
cl di Ci ha
( 2 9 .O ) ( 1 8 . 4 )
5 5 6
( 1 2 . 6 )
781
( 1 3 . 7 )  ( 9 . 8 )  
909
( 1 8 . 0 ) ( 1 2 . 8 ) (1 1 . 0 0 )
( a )  A l l  b o n d s  a r e  s t r o n g  u n l e s s  o t h e r w i s e  s t a t e d  ( b )  F ro m  R e f#  43
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o t h e r  b a n d  an d  t h e  m a in  b a n d  a t  a b o u t  X050m |i a r e  a s s i g n e d  a s  
c o m p o n e n ts  o f  \ ) ^  w h ic h  a p p e a r s  t o  be  s p l i t  o w in g  t o  
t e t r a g o n a l  ( D ^ )  s y m m e try  i n  t h e  c o m p le x  (s e e  S e c t i o n  )
I n f r a r e d  e v id e n c e  h a s  a l r e a d y  i n d i c a t e d  t h a t  t h e s e  c o m p le x e s  
c o n t a i n  u n c o o r d i n a t e d  a n i o n s  (s e e  p *  125) w i t h  t h e  p o s s i b l e  
e x c e p t i o n  o f  t h e  s e l e n a t e  c o m p le x  (F o rm  X ) * I t  i s  q u i t e  
p r o b a b l e  t h a t  t h e  t e t r a g o n a l  d i s t o r t i o n  a r i s e s  f r o m  a  1
t r a n s  b i s a q u o  s t r u c t u r e , i * e
■?
0H o 2 +
, 2
- N — 4 N
N i /  ) 2 .i — x ° .
0 H „
F i g u r e  29
T h e  b i s a q u o b i s e t h y l e n e d i a m i n e  n i c k e l ( I X )  i o n  h a s  
b e e n  o b t a i n e d  i n  b o t h  c i s  a n d  t r a n s  fo r m s  [  43 ]  f o r  w h i c h  
s p e c t r a l  d a t a  a r e  g i v e n  i n  T a b l e  23 „ S p l i t t i n g  o f  t h e
%)_ b a n d  i s  f o u n d  f o r  t h e  p e r c h l o r a t e  c o m p le x  N i e n 0 ( H o0 ) 0 ( C IO . ) 0
ft c* 2 2 +£ 2
b u t  n o t  f o r  t h e  t e t r a p h e n y l  b o r a t e  c o m p le x  s u g g e s t i n g  t r a n s
a n d  c i s  s t r u c t u r e s  r e s p e c t i v e l y *  T h e  s p l i t t i n g  o f  V .. i s
i
g r e a t e r  w i t h  t h e  t r a n s  e t h y l e n e d i a m i n e  c o m p le x  t h a n  w i t h  t h e  
o - p h e n y l e n e d i a m i n e  c o m p le x e s ®  T h i s  m ay  be b e c a u s e  e t h y l e n e -
d i a m i n e  h a s  a h ig h e x *  l i g a n d  f i e l d  s t r e n g t h  (A  = 1 1 , 500cm
U  V  b
[  7 3  ]  )  t h a n  ^ - p h e n y l e n e d i a s t i i n e  ^ 0 c  +  =  1 G ? ^ 3 0 c m ~  )  t h u s
- 1
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g i v i n g  a g r e a t e r  d i f f e r e n c e  b e t w e e n  t h e  p l a n a r  f i e l d  a n d  t h e
— 1
a x i a l  f i e l d  d u e  t o  t h e  w a t e r  m o l e c u l e s  (A q  ^ = 8 , 5O0em 
[ 7 3  ]  ) .  H o w e v e r ,  i t  m ay n o t  be  e n t i r e l y  v a l i d  t o  c o m p a re
c o m p le x e s  o f  d i f f e r i n g  a n i o n s  w i t h  o n e  a n o t h e r ©
T h e  u n e x p e c t e d l y  h i g h  f r e q u e n c y  o f  t h e  b a n d  f o r  
t h e s e  c o m p le x e s  i s  w o r t h y  o f  comment© T h e  Vv> b a n d  o c c u r s
I
a t  a h i g h e r  e n e r g y  w i t h  t h e s e  c o m p le x e s  t h a n  w i t h  t h e
t r i s - c h e l a t e  c o m p le x e s  d e s c r i b e d  i n  S e c t i o n  XX, a l t h o u g h  w a t e r
i s  a  w e a k e r  l i g a n d  t h a n  o - p l i e n y l e n e d i a m i n e 0 T h i s  i s
p r o b a b l y  d u e  t o  c o n f i g u r a t i o n  i n t e r a c t i o n  o f  t h e  E c o m p o n e n ts
3 3r e s u l t i n g  f r o m  t h e  s p l i t t i n g  o f  t h e  ^ g g ^ )  an<  ^ l g ^ F ^
l e v e l s  u n d e r  sym m etry©
T h e  s p e c t r a  o f  t h e  c o m p le x e s  [ N i ( o p d ) 2 ( H ^ O ) S O ^  a n d
[ N i  ( o p d )  2 (H ^O ) 2 ] SeG^ (F o rm  Y*) a r e  v e r y  s i m i l a r  th u s  s u p p o r t i n g
t h e  p r o p o s e d  s t r u c t u r e s ,  b u t  t h e  s p l i t t i n g  o f  f o r
F o rm  X  o f  N i ( o p d )  ^ (H g O )  nSeG^ i s  much l e s s  t h a n  w i t h  t h e  o t h e r
h y d r a t e s ©  T h e  i n f r a r e d  s p e c t r a  o f  Fo rm  X  a n d  Y a r e  a l s o
m a r k e d l y  d i f f e r e n t ©  A l t h o u g h  t h e  s m a l l e r  s p l i t t i n g  o f  9 ^
i n  F o rm  X  m ig h t  be c a u s e d  b y  a c i s  c o n f i g u r a t i o n ,  n o
s p l i t t i n g s  h a v e  b e e n  r e p o r t e d  f o r  a n y  c i s  N i A . B  c o m p le x e s ,
2 +i n c l u d i n g  c i s [ N i e n ^ ( H ^ O ) ^ j " f o r  w h ic h  t h e  s p l i t t i n g  o u g h t  
t o  be g r e a t e r  t h a n  i n  t h e  o - p h e n y l e n e d i a m i n e  system ©
- 1 3 8  -
T h e  s t r u c t u r e  [N x  ( o p d ) n ( H p0 )  (S e O ^ )  ] H p 0 f o r  F o rm  X  h a s  a l r e a d y -  
b e e n  s u g g e s t e d  ( p *  17-°} ) # T h i s  w o u ld  be c o n s i s t e n t  w i t h  t h e  
i n f r a r e d  e v i d e n c e ,  a n d  w o u l d  p r o b a b l y  a c c o u n t  f o r  t h e  
d i f f e r e n c e  i n  t h e  e l e c t r o n i c  s p e c t r a  o f  Fo rm s  X  a n d  Y , a l t h o u g h  
i t  w o u ld  b e  d i f f i c u l t  t o  p r e d i c t  t h e  p r e c i s e  e f f e c t  o n  t h e  
e l e c t r o n i c  s p e c t r u m  o f  a  m o n o d e n ta te  s e l e n a t e  g r o u p *
T h e rm o  g r a v i m e t r y  shows t h a t  F o rm s  X  a n d  Y l o s e  w a t e r  o v e r  
t h e  t e m p e r a t u r e  r a n g e s  1 1 0 ° C ~ X 4 0 ° C  a n d  1 2 0 ° C - 1 5 5 ° C  r e s p e c t i v e l y ,  
b u t  i n  n e i t h e r  c a s e  i s  t h e r e  a n y  i n d i c a t i o n  o f  a s t e p w i s e  
l o s s  w h ic h  m ig h t  b e  e x p e c t e d  f o r  t h e  s t r u c t u r e
( b )  T h e  A n h y d r o u s  N i c k e l ( X X )  C o m p le x e s  
T h e  e l e c t r o n i c  s p e c t r u m  o f  t h e  a n h y d r o u s  s u l p h a t e  
c o m p le x  ( s e e  F ig \*  3 0  ) shows c o n s i d e r a b l e  d i f f e r e n c e s  f r o m
s t r u c t u r e s  a r e  p o s s i b l e  f o r  t h e  a n h y d r o u s  s u l p h a t e :  a  
c i s - c o n f x g u r a t i o n  w i t h  c h e l a t i n g  s u l p h a t e  ( F i g *  3 1 ( i ) ) ,  o r  
a  p o l y m e r i c  t r a n s  c o n f i g u r a t i o n  w i t h  b r i d g i n g  s u l p h a t e
[ N i ( o p d ) 2 (H 20 ) S e 0 4 ] H 20 *
t h o s e  o f  t h e  h y d r a t e d  c o m p le x e s #  N o t a b l y  t h e  V  b a n d  i s
a t  a l o w e r  e n e r g y  a n d  show s no  s ig n s  o f  s p l i t t i n g #  Tw o
( F i g *  3 X ( ± 0  )  *
N il 0
F i g u r e  3 1 (i) F i g u r e  3 1 ( i i )
- 139 -
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T h e  u n s p X i t  b ^ n d  f a v o u r s  t h e  c i s  s t r u c t u r e ®  A 
t r a n s  c o n f i g u r a t i o n  w o u ld  h e  e x p e c t e d  t o  p r o d u c e  t e t r a g o n a l  
d i s t o r t i o n  a n d  s p l i t t i n g  o f  c o m p a r a b le  t o  t h a t  dip. t h e  
h y d r a t e d  c o m p le x e s  s i n c e  t h e  s u l p h a t e  g r o u p  h a s  a l i g a n d  f i e l d  
s t r e n g t h  c o m p a r a b le  t o  o r  p o s s i b l y  l e s s  t h a n  t h a t  o f  w a t e r ®
T h e  s h i f t  o f  t h e  b a n d  t o  lo w e r  e n e r g y  i n  t h e  
a n h y d r o u s  c o m p le x  i s  p r o b a b l y  b e c a u s e  o f  t h e  l a c k  o f  
E c o m p o n e n t i n t e r a c t i o n  ( b e c a u s e  o f  much l e s s  s p l i t t i n g  o f  
l e v e l s  i n  t h i s  c o m p o u n d ) 0 T h e  V 0 b a n d  i n  t h e  a n h y d r o u s  
c o m p le x  th u s  g i v e s  a t r u e  r e f l e c t i o n  o f  t h e  l o w e r  l i g a n d  f i e l d  
s t r e n g t h  o f  s u l p h a t e  c o m p a re d  t o  o - p h e n y le n e d ia m in e ®  ( V ? i n  
t h e  t r i s c h e l a t e  c o m p le x e s  i s  a t  a b o u t  580m|j,)o
T h e  s p e c t r u m  o f  t h e  a n h y d r o u s  s e l e n a t e  i s  p o o r l y  
d e f i n e d  w i t h  b r o a d  w e a k  a b s o r p t i o n  b a n d s  an d  i t  d i f f e r s  
c o n s i d e r a b l y  f r o m  t h a t  o f  t h e  s u l p h a t e  com plex®  T h r e e  b a n d s  
o c c u r  i n  t h e V ^  r e g i o n  a t  SOOmp, 940m[i an d  1 1 5 3 m|X ( s h o u l d e r ) ®
T h e  s h o u l d e r  a t  1153ra|i i s  d i f f i c u l t  t o  e x p la in ®  I t  i s  u n l i k e l y  
t h a t  o v e r t o n e s  f r o m  v i b r a t i o n a l  b a n d s  i n  t h e  i n f r a r e d  w o u ld  
o c c u r  i n  t h i s  r e g i o n *  C e r t a i n l y  t h e r e  i s  no  e v i d e n c e  o f  s u c h  
b a n d s  i n  t h e  s p e c t r a  o f  a n y  o f  t h e  o t h e r  c o m p le x e s  e x a m in e d  i n  
t h i s  w ork®
- l4 l -
R e c e n t  w o r k  [  63 ]  h a s  show n t h a t  i n  c e r t a i n  f i v e -
c o o r d i n a t e  n i c k e l ( X I )  c o m p le x e s ,  t h r e e  S p i n  a l l o w e d  h a n d s
o c c u r  i n  t h e  n e a r  i n f r a r e d  r e g i o n *  I f  t h i s  s e l e n a t e  c o m p le x
w e r e  f i v . e - c o o r d i n a t e  i t  w o u ld  b e  e x p e c t e d  t h a t  t h e r e  w o u ld  b e
tw o  c h e l a t i n g  d i a m i n e  m o l e c u l e s  i n  a p l a n e  w i t h  a s i n g l e
m o n o d e n t a t e  s e l e n a t e  i o n  a x i a l l y  c o o r d i n a t e d *  H o w e v e r ,
i n f r a r e d  e v i d e n c e  d e f i n i t e l y  f a v o u r s  b i d e n t a t e  s e l e n a t e *
On b a l a n c e  the  m o s t  p r o b a b l e  s t r u c t u r e  f o r  t h e  s e l e n a t o
b i s  ( 01- p h e n y l e n e d i a m i n e  ) n i c k e  1 ( 1 1 ) c o m p le x  i s  a  b r i d g i n g
t r a n s  s t r u c t u r e  ( a s  i n  F i g * 3 1  ( i f )  a b o v e ) a s  t h i s  w o u ld  a c c o u n t
f o r  t h e  b i d e n t a t e  s e l e n a t e  i o n  s u g g e s t e d  b y  i n f r a r e d  m e a s u r e m e n ts
a n d  t e t r a g o n a l  d i s t o r t i o n  d u e  t o  t r a n s  c o o r d i n a t e d  s e l e n a t e
g r o u p s  w o u ld  a c c o u n t  f o r  t h e  s p l i t t i n g  o f  V ^  i n  t h e  e l e c t r o n i c
s p e c t r u m *  H o w e v e r ,  d e t a i l e d  a s s i g n m e n t  o f  t h e  b a n d s  i n  t h e
e l e c t r o n i c  s p e c t r u m  i s  d i f f i c u l t *
T h e  e l e c t r o n i c  s p e c t r u m  o f  t h e  3 s i  s u l p h a t e  c o m p le x
shows no  s p l i t t i n g  o f  t h e  %  b a n d *  T h i s  t e n d s  t o  f a v o u r  a
x
s t r u c t u r e  o f  t y p e  ( 1 )  ( s e e  F i g *  2 8  ) ? * r a t h e r  t h a n  ( i i ) ,
w h ic h  a p p r o x i m a t e s  t o  a t r a n s  s t r u c t u r e  a n d  f o r  w h ic h  some 
s p l i t t i n g  o f  ))^  m ig h t  b e  p r e d i c t e d *
- 1 4 2
D IF F U S E  REFLECTANCE
T A B L E  2 4  E L E C T R O N I C  S P E C T R A  O F  T H E  C O B A L T  (XI). C O M P L E X E S  -
Compound ( a )A b s o r p t i o n  M a x im a  ( u p p e r  f i g u r e ^  
l o w e r  b r a c k e t e d  f i g u r e  i n  cm *
i n  E l l ,
l o '5 j .
B an d  I I B an d  I
(4 i£ g (F ) ) ( 4T l g (K ) t t  ^
:C o ( o p d ) 2SO^ 4 6 7 sh  500 7 4 0 fo y ,w 1090
( 2 1 . 4 1 )  ( 2 0 . 0 0 ) ( 1 3 . 5 1 ) ( 9 . 1 7 )
C o (o p d )g S e O ^ 4 7 3 ,  4 9 3 ? 4 0 b r , vr l l l 6
( 2 1 . 1 4 , 2 0 . 2 8 ) ( 1 3 . 5 D ( 8 . 96 )
C o ( o p d )^ S e O ^ o H g O 500 7 4 0 b r , • 1100
( 2 0 . 0 0 ) ( 1 3 . 5 1 ) ( 9 . 0 9 )
G o (H 2 ° ) g 4 6 6 ,  5 1 5 6 2 5 ( 4A_ ( F ) ) 1219
( 2 1 . 5 5 , 1 9 . 4 0 ) ( 1 6 . 0 ) ( 8 . 2 )
2 + ( b )  
C o ( N H ^ ) 6 4 7 4 5 4 0 m ,s h (  A „ ( F ) ) ■ 1 1 1 1
( 2 1 . 1 ) ( 1 8 . 5 ) ( 9 « 0 )
( a )  A l l  b a n d s  a r e  r e l a t i v e l y  s t r o n g  u n l e s s  o t h e r w i s e  s t a t e d ©
( b )  F ro m  R e f e r e n c e  7 3 .
- 14 3 -
( c )  TJae C o b a l t ( I I )  C o m p le x e s
■ II n  I       tMj^aryai=iTTs»i«^ ajt»<^.M»'&.y i»«jiWfft^ -~>.©TH ;p.iw .Tu.>«
T h e  e l e c t r o n i c  s p e c t r a  ( d i f f u s e  r e f l e c t a n c e )  o f  t h e  
c o b a l t ( I I )  s u l p h a t e  a n d  s e l e n a t e  c o m p le x e s  ( s e e  T a b l e  2 4  ) a r e  
t y p i c a l  o f  h i g h  s p i n  o c t a h e d r a l  c o b a l t  ( I X )  [73? 7 4 ] ,  t h u s  
s u p p o r t i n g  t h e  c o n c l u s i o n s  r e a c h e d  f r o m  m a g n e t i c  a n d  i n f r a r e d
d a ta ®  B an d s  X a n d  I I  p r o b a b l y  r e s u l t  f r o m  t r a n s i t i o n s  f r o m
4 4 4
T ^ ^ ( F )  g r o u n d  s t a t e  t o  t h e  XP2 oi( F )  a n d  T ^ ^ ( P )  l e v e l s
r e s p e c t i v e l y ®  T h e  s h o u l d e r  o c c u r r i n g  a t  467m(i. f o r
C o ( o p d ) 2S0 ^ a n d  t h e  d o u b l e t  i n  b a n d  I  f o r  C o ( o p d ) 2SeO^ may
4
b e  a c o n s e q u e n c e  o f  s p i n  o r b i t  c o u p l i n g  i n  t h e  ~ T ^ ( P )  s t a t e ®  
A l t e r n a t i v e l y  t h i s  f i n e  s t r u c t u r e  may b e  a  r e s u l t  o f  a
4t r a n s i t i o n  t o  t h e  A 0 ( F )  l e v e l ,  a l t h o u g h  t h i s  t w o - e l e c t r o n  
t r a n s i t i o n  u s u a l l y  o n l y  g i v e s  r i s e  t o  w e a k  a b s o r p t i o n s  [ 7 5 ]©  
T h e  w e a k  a b s o r p t i o n  fo u n d  a t  740mjj, f o r  a l l  t h r e e  
c o m p le x e s  may be  d u e  t o  t h e  p r e s e n c e  o f  i m p u r i t y  r e s u l t i n g  
f r o m  s l i g h t  a t m o s p h e r i c  o x i d a t i o n ,  as  b a n d s  a r e  n o t  u s u a l l y  
f o u n d  i n  t h i s  r e g i o n  f o r  o c t a h e d r a l  c o b a l t ( I I )  c o m p le x e s ®
4® T h e  N i t r a t e  C o m p le x e s
( i )  I n f r a r e d  A b s o r p t i o n s  o f  t h e  N i t r a t e  G ro u p
I p e rry  Till 1 i ■liiii>4iHirn,> lt iU|i( ^ 11,11,
( a )  F u n d a m e n t a l  A b s o r p t i o n stn-fTtn 1 fl 1 am •! BB   T-l Tfn pi 1   !Tn-ni^.fT^lT7Wi»^»ri-n-«ilif|i4H|VL»rTr,. ■» ■  Ilfimrnl
T h e  i n f r a r e d  a b s o r p t i o n  b a n d s  a s s o c i a t e d  w i t h  t h e  
n i t r a t e  g r o u p  i n  c o m p le x e s  o f  o - p h e n y l e n e d i a m i n e  a r e  shown i n
~ 1 4 4  T
e t h y l e n e d i a m i n e  c o m p le x e s  [4 - 2 ] *  T h e  m a g n e t i c ,  e l e c t r o n i c
s p e c t r a l  and l i g a n d  i n f r a r e d  d a t a ,  c o n s i d e r e d  i n  S e c t i o n  I I I ,
show t h a t  t h e  3 s i  n i t r a t e  c o m p le x e s  h a v e  t r i s - c h e l a t e  s t r u c t u r e s
w i t h  i o n i c  n i t r a t e *  As show n i n  S e c t i o n  1 ( p # 32  ) t h e  i o n i c
n i t r a t e  g r o u p  (D  s y m m e tr y )  u s u a l l y  g i v e s  t h r e e  i n f r a r e d  b a n d s ,
j n
n a m e ly :  V  p ( o u t  o f  p l a n e  d e f o r m a t i o n  v i b r a t i o n ) ,  ( d o u b l y
d e g e n e r a t e  a s y m m e t r i c  s t r e t c h i n g  v i b r a t i o n ^ a n d  V 4 ( d o u b l y  
d e g e n e r a t e  i n - p l a n e  b e n d in g  v i b r a t i o n ) *  A b s o r p t i o n  b a n d s  
a s s i g n e d  t o  t h e  V  2 , a n d  V ^  m odes a r e  g i v e n  i n  T a b l e  2 3 *
T h e  V  b a n d s  a p p e a r  as  w e a k  i n t e n s i t y  s h o u l d e r s  on  s t r o n g  
l i g a n d  a b s o r p t i o n s  a n d  s o  t h e i r  a s s ig n m e n t  i s  r a t h e r  t e n t a t i v e *  
T h e  b a n d s  a l l  h a v e  p o s i t i o n s  c o m p a r a b le  t o  t h o s e  fo u n d  i n  t h e  
a n a la g o u s  e t h y l e n e d i a m i n e  c o m p le x  [ N i e n  ] ( N 0 _ ) Q*
W i t h  m o n o d e n t a t e  n i t r a t e  ( % y  s y m m e tr y )  a l l  v i b r a t i o n  
m odes a r e  i n f r a r e d  a c t i v e ,  s h i f t s  i n  b an d  p o s i t i o n s  o c c u r  
r e l a t i v e  t o  t h e  i o n i c  g r o u p  a n d  b o t h V  _ a n d  V .  a r e  s p l i t  i n t o
S> *2
tw o  b an d s  a s  t h e i r  d e g e n e r a c y  i s  l i f t e d  ( s e e  p *32 )»  M a g n e t i c  
a n d  l i g a n d  i n f r a r e d  d a t a  on t h e  2 : 1  n i t r a t e  c o m p le x e s  s u g g e s t  
b i s c h e l a t e  s t r u c t u r e s  w i t h  c o o r d i n a t e d  n i t r a t e #  T h i s  i s  
c o n f i r m e d  b y  t h e  n i t r a t e  i n f r a r e d  b a n d s  * T h e  V   ^ b a n d  i s  s p l i t
T a b l e  2 3  t o g e t h e r  w i t h  the r e p o r t e d  b a n d s  fo r  t h e  c o r r e s p o n d i n g
1 4 5  -
TABLE 2 5 INFRARED ABSORPTIONS OF THE N IT R A T E  GROUP
Compound F r e q u e n c y  (cm  %
I o n i c  N i t r a t e Y  2Ca
_ _ _ _ _
v 4
N i ( o p d ) ^ ( N O ^ ) 2 8 2 7 m , sp 1 3 4 6 v s 9 b r 7 1 0 wvf s b / b ^
N i ( m o p d ) 3 (N O ^ )^ 825m ,s p 1 3 4 8 v s 9b r 7 1 0 w , s h ( b )
N i e n _ ( N 0 „ ) 2 823m ,s p I 368v s , b r 7 0 4 w , sh
C o o r d i n a t e d  ( M o n o d e n t a t e )  N i t r a t e
N i ( o p d ) 2 (N 0 ^ ) ? 
N i ( m o p d )  (NO ) n
LA J tlj
817  m, sp  
8 l 6m, sp
1 3 1 9 s ,  l 4 0 6 s  
1 3 2 1 s ,  1 4 0 6 s
( b )
7 3 7 w , s h t 7 l 7 w
( b )
7 3 4wj sh , 7 l 4 w
N i o n 2 ( N O „ ) p 4 a ^ 8 l 8m,..sp 1 3 0 5 s ,  1 4 2 0 s 7 2 8 w , 7 l 8 w
( a )  F rom  R ef®  4 2
( b )  A s s ig n m e n t  o f  t h e s e  b a n d s  i s  u n c e r t a i n #
- 1 4 6  -
i n t o  b a n d s  a t  a b o u t  1 3 2 0  a n d  l4 0 o c m  %  T h e  Y ^ h a n d  seems  
t o  be  s p l i t ,  b u t  w i t h  t h r e e  w e a k  b a n d s  a p p e a r i n g  i n  t h e  u s u a l  
r e g io n ©  D e f i n i t e  a s s i g n m e n t s  c a n n o t  t h e r e f o r e  b e  made© T h e  
V D b a n d  h a s  s h i f t e d  t o  r a t h e r  l o w e r  e n e r g y  b u t  V  i s  s t i l l
& Jl.
n o t  d i s c e m a b l e  a n d  m a y , i n  f a c t ,  b e  m a sk e d  b y  l i g a n d  
a b s o r p t i o n s  ©
( b )  O v e r t o n e  a n d  C o m b i n a t i o n  B ands
S e v e r a l  w e a k  i n f r a r e d  b a n d s  a r e  f o u n d  i n  t h e  
- 12 , 5 0 0 - 1 , 7 0 0c m  ' r e g io n ©  S u c h  b a n d s  w i t h  a n a lo g o u s  s y s te m s
h a v e  p r e v i o u s l y  b e e n  a s s i g n e d  t o  o v e r t o n e  a n d  c o m b i n a t i o n
v i b r a t i o n s  o f  t h e  n i t r a t e  i o n  [ 4 2  ]© F o r  i n s t a n c e ,  a  s i n g l e
— 1w e a k  b a n d  o c c u r r i n g  a t  2380cm i n  t h e  s p e c t r u m  o f  N ie n ^  (N O ^ )^
o c c u r s  i n  N ie n p C N O ^ )^  a s  a d o u b l e t  o f  s e p a r a t i o n  s i m i l a r  t o  t h e
s p a c i n g  o f  t h e  V  d o u b l e t  i n  t h e  b is - c o m p l e x ©  I f  t h e  b a n d
i s  a s s u m e d  t o  b e  a \ )  _ + V  ~ c o m b i n a t i o n  a r e a s o n a b l e  v a l u e1 3
** 1m ay b e  o b t a i n e d  f o r  V j y  S i m i l a r l y  a  s i n g l e  b a n d  a t  17 50 cm ~
i n  N ie n ^  ( ^ 3 )2  >^ecomes a d o u b l e t  o f  s e p a r a t i o n  s i m i l a r  t o
t h a t  o f  t h e  d o u b l e t  i n  N i e n 2 (N O ^ ) 2 © A b a n d  a t  a b o u t
- I2070cm i s  u n s p l i t  i n  b o t h  c o m p le x e s ,  a n d  t h e  a s s u m p t io n
t h a t  t h i s  i s  g i v e s  a s i m i l a r  v a l u e  o f  V^© A p p l y i n g  t h e s e
o b s e r v a t i o n s  t o  t h e  a r o m a t i c  d i a m in e  c o m p le x e s ,  V , + , a n d
1 5
V i  + V  /. h a v e  b e e n  a s s i g n e d  a n d  v a l u e s  f o r  V ^ h a v e  b e e n
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1 4 8  -
c a l c u l a t e d ©  T h e r e  i s  r e a s o n a b l e  a g r e e m e n t  i n  t h e  v a l u e s  f o r  
c a l c u l a t e d  f r o m  b o t h  Vty + V *  a n d  + V 4 , b u t  t h e  2 1
o v e r t o n e  h a s  n o t  b e e n  d e f i n i t e l y  a s s ig n e d ©  T h e s e  d a t a  a r e
s t im m a r is e d  i n  T a b l e  26 ©
( i i )  E l e c t r o n i c  S p e c t r a
T h e  s p e c t r a  o f  t h e  n i t r a t d ?  c o m p le x e s  p r e p a r e d  i n
t h e  c o u r s e  o f  t h e  p r e s e n t  w o r k  a r e  g i v e n  i n  F i g u r e  32 a n d
T a b l e  27 t o  w h i c h  a r e  i n c l u d e d  d a t a  on  t h e  t r i s d i a m i n e
n i t r a t e s  d i s c u s s e d  i n  S e c t i o n  I I I ,  a n d  r e p o r t e d  b a n d s  f o r
t h e  e t h y l e n e d i a m i n e  c o m p le x e s ,  N i e n o ( N 0 o ) o a n d  N i ( e n ) 0 ( N 0 o )u J “ Js J
[ 4 2  ]  * T h e  ] ) 7 b a n d  w h ic h  i s  u n s p l i t  i n  t h e  3 * 1  c o m p le x e s
i s  s p l i t  i n  t h e  2 : 1  c o m p le x e s ,  g i v i n g  b a n d s  a t  a b o u t  710  a n d  
XXOOmfX r e s p e c t i v e l y ®  A t h i r d  b a n d  a t  a b o u t  7S0mfi i s  a s s i g n e d  
t o  a s p i n  f o r b i d d e n  t r a n s i t i o n ©  As d i s c u s s e d  f o r  t h e  
X+i ( d i a m in e  ) (H ^ O ) 2S 0^  c o m p le x e s  (p©13^ ) s u c h  s p e c t r a  i n d i c a t e  
t e t r a g o n a l  d i s t o r t i o n  o f  t h e  l i g a n d  f i e l d ©  As b e f o r e ,  t h i s  
i s  p r e s u m a b ly  a s s o c i a t e d  w i t h  t r a n s  c o n f i g u r a t i o n s  f o r  t h e  
c o m p le x e s  (F ig -©  3 3 )  i n  w h ic h  t h e  a x i a l  l i g a n d  f i e l d  i s  
w e a k e r  t h a n  t h e  p l a n a r ©  S i m i l a r  b e h a v i o u r  h a s  b e e n  r e p o r t e d
N 0 o
F i g u r e  33
- 1 4 9  -
T A B L E  27 E L E C T R O N I C  S P E C T R A  O F  N I T R A T E  C O M P L E X E S
( a )A b s o r p t i o n  M a x im a  ( u p p e r  f i g u r e  i n  mji, 
Cocnpcmrd l o w e r  b r a c k e t e d  f i g u r e  i n  cm ^ x  10
Compound
^ 3
V 2
V
1
N i ( o p d ) ^ (N O ^ ) 2 3 4 0 5 7 4 795m 930
( 2 9 . 4 0 ) ( 1 7 . 4 2 ) ( 1 2 . 6 0 ) ( 1 0 . 7 5 )
N i ( m o p d ) ^ ( N O ^ ) g 3 4 7 5 8 5 810m 960
( 2 9 . 4 0 ) ( 1 7 . 1 0 ) ( 1 2 . 3 5 ) ( 1 0 . 4 2 )
N i e n 3 (N 0 3 ) 2 ^b ) 3 4 7 5 4 6 8 3 5
( 2 8 . 8 ) ( 1 8 . 3 2 ) ( 1 1 . 3 )
N i ( o p d ) 2 ( N 0 3 ) 2 + 5 4 2 782m 710 m 1 X00
( 1 8 . 4 5 ) ( 1 2 . 7 9 ) ( 1 4 . 0 8 ) ( 9 . 0 9 )
N i ( m o p d ) 0 (N O ..)Ct J Uj + 5 4 0 782m 7 l 8tn
1121
( 1 8 . 5 2 ) ( 1 2 . 7 9 ) ( 1 3 . 9 3 ( 8 . 9 2 )
N i e n 2 (N O ^ ) 3 4 7 5 4 3 709rn 1150
( 2 8 . 8 ) ( 1 8 . 4 ) ( 1 4 . 1 ) ( 8 . 7 )
( a )  A l l b a n d s  a r e s t r o n g u n l e s s  o t h e r w i s e  s t a t e d ®
( b )  F ro m  R e f®  42®
+ S t r o n g  l i g a n d  a b s o r p t i o n s  o c c u r  i n  t h i s  r e g i o n
5 ® T h i o c y a n a t e  C o m p le x e s
( i )  I n f r a r e d  A b s o r p t i o n s  o f  t h e  T h i o c y a n a t e  G ro u p
T h r e e  p r i n c i p a l  b a n d s  a r e  f o u n d  i n  t h e  s p e c t r u m  o f  
t h e  t h i o c y a n a t e  i o n :  V f C C - N  s t r e t c h i n g )  w h ic h  o c c u r s  n e a r
- 1 5 0 -
- 1 5 1  -
— l  y — I2050cm~ , ( d o u b l y  d e g e n e r a t e  b i n d i n g  m ode) n e a r  48 0c m
4 —1a n d  V ( C -S  s t r e t c h )  a t  a b o u t  7 5 0c m  [ 7 8  ] ® T h e  m e d iu m
i n t e n s i t y  $ 3 b a n d  h a s  b e e n  a s s i g n e d  w i t h  t h e  d i a m i n e  c o m p le x e s  
b y  r e f e r e n c e  t o  t h e  s p e c t r u m  o f  N i ( o p d )  CX * T h e  V b a n d
d d X
o c c u r s  i n  a r e g i o n  c l e a r  o f  l i g a n d  a b s o r p t i o n s  b u t  i t  w a s  n o t  
fo u n d  p o s s i b l e  t o  d i s t i n g u i s h  t h e  w e a k  0 band®
dt
TABLE 28  INFRARED ABSORPTIONS OF T H E  THIOCYANATE GROUP
C o m p le x *** XF r e q u e n c y  (cm  )
v ,
N i ( o p d ) ? (N C S )  
N i ( m o p d ) 2 (N C S )^  
N i e n  (N C S )
ds
2 105s ,
2 0 9 1 s,
2 1 1 0 ,
2058msh 
2 0 47m sh  
2060
V  3 
777m  
7 7 6 m  
7 6 9 m
+ F ro m  R ef®  78
T h e  p o s i t i o n  o f  V  ^ b a n d  h a s  b e e n  c o r r e l a t e d  w i t h  t h e
mode o f  b o n d in g  o f  t h e  t h i o c y a n a t e  l i g a n d  [  7 7 ]©
I n  i o n i c  t h i o c y a n a t e  i s  n e a r  75 0c m  , i n  some p r e v i o u s l y
r e p o r t e d  i s o t h i o c y a n a t e  c o m p le x e s  ( M - N - C - S )  i n  t h e  r a n g e  
—  18 6 0 - 7 8 0 c m  a n d  f o r  some t h i o c y a n a t e  c o m p le x e s  ( M - S - C - N )  i ^
—  1t h e  r a n g e  7 2 0 - 690cm
I t  I s  t o  be e x p e c t e d  t h a t  t h e  t h i o c y a n a t e  i o n  i s  
c o o r d i n a t e d  i n  t h e  tw o  c o m p le x e s  p r e p a r e d  h e r e  i n  v i e w  o f  t h e
- 1 5 2  -
m a g n e t i c  e v i d e n c e  r e q u i r i n g  a n  o c t a h e d r a l  s i x - c o o r d i n a t e  
s t r u c t u r e ©  T h e  V  ^ v a l u e s  f o r  t h e s e  c o m p le x e s  a r e  c l o s e  
t o  t h a t  f o r  N ± e n rt( N C S ) „ ( s e e  T a b l e  2,8 ) a n d  n e a r e s t  t o  t h e
di dh
r e p o r t e d  r a n g e  f o r  i s o t h i o c y a n a t e  c o m p le x e s ®  B r i d g i n g  
t h i o c y a n a t e  i s  r u l e d  o u t  b y  t h e  e v i d e n c e  f r o m  l i g a n d  i n f r a r e d  
d a t a  d i s c u s s e d  o n  p© 1 Z 1  ©
Two t y p e s  o f  s t r u c t u r e  h a v e  b e e n  f o u n d  f o r  
i s o t h i o c y a n a t e  c o m p le x e s ,  i® e © ,
M -  i t  = C -  S N = C = S
M'*A B
Xn s t r u c t u r e  B i t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  C -N  b a n d  h a s  
a p p r o x i m a t e l y  t r i p l e  b o n d  o r d e r  a n d  t h a t  i n  s t r u c t u r e  A a 
l o w e r  b o n d  o r d e r  i s  p r e s e n t ,  d e c r e a s i n g  a s  t h e  M -N -C  a n g l e  
d e c r e a s e s ©  Xn s u p p o r t  o f  t h i s  t h e  V  ^ b a n d  i s  f o u n d  a t  
2 0 9 6 c m ’ ' 1 i n  N i ( N H 0 ) » (M C S )0 © w h ic h  h a s  b e e n  shown b y  X - r a y  w o r k
j Li 2
t o  be a t r a n s  c o m p le x  w i t h  l i n e a r l y  c o o r d i n a t e d  t h i o c y a n a t e ,
— 1a n d  a t  2060cm i n  N ie n ^ X N C S ) ^ w h ic h  h a s  a  t r a n s  s t r u c t u r e  
w i t h  a n  M -N -C  a n g l e  o f  l 4 0 °  [  7 8  ] © M o r e o v e r ,  t h e  f r e q u e n c y  
o f  V  i n c r e a s e s  w i t h  c o m p le x e s  o f  c a r b o n  s u b s t i t u t e d  
e t h y l e n e d i a m i n e s , e©g©, b i s ( i s o t h i o c y a n a t o ) b i s ( m eso 2 ^ 3 - d i a m i -
- n o b u t a n e  ) n i c k e l ( X I )  g i v e s  b a n d s  a t  2096(s) a n d  2 0 5 0 ( s h ) ©  I t  
h a s  b e e n  s u g g e s t e d  t h a t  i n  t h e s e  l a t t e r ,  s t e r x c  f a c t o r s  f o r c e
- 153 -
t h e  c o m p le x  t o  a d o p t  s t r u c t u r e  A# T h e  S) "bands i n  t h e
c o m p le x e s  p r e p a r e d  h e r e  a r e  i n  t h e  u p p e r  r a n g e  s u g g e s t i n g  
l i n e a r  c o o r d i n a t i o n #  I n  k e e p i n g  w i t h  t h i s ,  m o d e ls  s x ig g e s t  
t h a t  t h e  s t e r i c  r e s t r i c t i o n  f r o m  a r o m a t i c  d i a m in e  m o l e c u l e s  
i n  N i ( o p d ) ^ ( N C S ) ^ i s  s i m i l a r  t o  t h a t  i n  N i ( 2 7 3 " d i a m i n o b u f a n e ) p
( n c s ) 2 *
( i i )  E l e c t r o n i c  S p e c t r a
T h e  e l e c t r o n i c  s p e c t r a  o f  t h e  tw o  t h i o c y a n a t e  c o m p le x e s  
p r e p a r e d  i n  t h e  p r e s e n t  w o r k  a r e  shown i n  F i g u r e  3 4  a n d  t h e  
f r e q u e n c i e s  o f  t h e  p r in c ip a ls ^  a b s o r p t i o n  b a n d s  a r e  l i s t e d  i n  
T a b l e  2 9  * T h e  s p e c t r a  o f  t h e  c o m p le x e s  w h i c h  sh o w  n o
s p l i t t i n g  o f  t h e  b a n d  ax~e s i m i l a r  t o  t h o s e  o f  t h e  
t r i s - d i a m i n e  c o m p le x e s  h a v i n g  0  s y m m e try #  T h i s  p r e s u m a b ly
jHL
a r i s e s  f r o m  t h e  s i m i l a r  p o s i t i o n s  w h ic h  t h e  d i a m in e s  a n d  *3o 
t h i o c y a n a t e  o c c u p y  i n  t h e  s p e c t r o c h e r a i c a l  s e r i e s #  E v e n  a  
t r a n s  c o n f i g u r a t i o n  o f  t h e  c o m p le x  w o u ld  n o t  b e  e x p e c t e d  t o  
p r o d u c e  a m a rk e d  t e t r a g o n a l  d i s t o r t i o n  o f  t h e  l i g a n d  f i e l d #  
S i g n i f i c a n t l y ,  i n  t h e  s i n g l e  c r y s t a l  sv>ec tru m  o f  t h e  t r a n s  
c o m p le x ,  N ± (N H 3 ) 4 (N C S ) 2 , u s i n g  p o l a r i s e d  l i g h t } o n l y  v e r y  
s l i g h t  e n e r g y  s e p a r a t i o n s  h a v e  b e e n  o b t a i n e d  f o r  t h e  tw o  
c o m p o n e n ts  o f  V 2 a n d  V  ^ a n d  v i r t u a l l y  non© f o r  t h o s e  o f  
[  4-1 ]  „ As t h i s  m e th o d  c a n  be \ i s e d  f o r  d e t e c t i n g  w e a k
-  1 5 4  -
T A B L E  23 E L E C T R O N I C  S P E C T R A  OF T H E  T H I O C Y A N A T E  C O M P L E X E S  -
D IF F U S E REFLECTANCE
Compound
( ol }A b s o r p t i o n  M a x im a  ( u p p e r  f i  
l o w e r  b r a c k e t e d  f i g u r e  i n
g u r e  i n  i m , 
cm~ x l 0 ” 3 j
* 3 % A
N i ( o p d ) 2 ( N C S ) ? 3 3 5 s h
( 9 . 8 5 )
5 5 0
( 1 8 . 2 )
9 0 5
( 1 1 . 0 5 )
N i  ( m o p d ) 0 (N C S ) 0
C\ d
3 4 2
( 3 9 . 2 )
5 5 7
( 1 7 . 9 5 )
9 15
( 1 0 . 9 3 )
N i ( N H 3 ) 4 (N C S)< ,b )  3A 2g 3 S 8 / /  3A2g 5 7 I _ L  3 E g ) 9 3 0
( s i n g l e  c r y s t a l  -  ( 2 7 . 9 )  ( 1 7 . 5 0 )  3B p \ ( 1 0 . 7 5 )
. “  o
p o l a r i s e d  l i g h t )  3 ^  3 5 y j _  3g  5g 0 / /
n ^  \ o r=> \
N i e n  (IJCS) p c 1 3 5 5 560 8 9 5 10 4o
( n u j o l  m u l l ) ( 2 8 . 2 ) ( 1 7 . 9 ) ( 1 1 . 2 ) ( 9 . 6 )
( a )  A l l  b a n d s  a r e  s t r o n g
( b )  F ro m  R ef®  4 4
( c )  F ro m  R ef®  79
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i
rd
J-i V
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t e t x - a g o n a l i t y ,  i t  i s  a p p a r e n t  t h a t  t h e  c o m p le x  h a s  v e r y  n e a r l y  
0 ^  s y m m e try ,  p r e s u m a b l y  b e c a u s e  o f  t h e  s i m i l a r i t y  i n  t h e  
l i g a n d  f i e l d  s t r e n g t h s  o f  am m o n ia  an d  t h i o c y a n a t e ©  W h i l e  
i t  i s  q u i t e  p r o b a b l e  t h a t  t h e  a r o m a t i c  d i a m i n e  c o m p le x e s  
h a v e  s i m i l a r  s t r u c t u r e s  t o  N i  (NH^ ) Z^ (NCS) 2 i t  i s  e v i d e n t  t h a t  
e l e c t r o n i c  s p e c t r a  c a n n o t  b e  u s e d  t o  d i s t i n g u i s h  b e tw e e n  
c i s  a n d  t r a n s  c o n f i g u r a t i o n s  i n  t h e s e  cases©
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  c o n s i d e r a b l e  s p l i t t i n g  
o f  t h e  V , b a n d  h a s  b e e n  fo u n d  i n  t h e  s o l i d  s t a t e  s p e c t r u m  o f  
t r a n s  N i e n 0 ( N C S ) 0 u s i n g  a n u j o l  m u l l  [ 7 9  ] °  t o  t h i s.1 .....I., .ii   2
c o m p le x  t h e  l i g a n d  f i e l d  s t r e n g t h  o f  t h e  e t h y l e n e d i a m i n e
- 1(A .  . = 1 1 , 5 0 0 c  m ) i s  p r e s u m a b ly  h i g h  e n o u g h  t o  p r o d u c e  a
U  C  X
s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  a x i a l  a n d  e q u a t o r i a l  f i e l d s ©
6© T h e  N i t r o  C o m p le x e s  
( i )  I n f r a r e d  A b s o r p t i o n s  o f  t h e  N i t r o  G ro u p
As a m o n o d e n t a t e  l i g a n d ,  n i t r i t e  m ay b o n d  e i t h e r  
t h r o u g h  n i t r o g e n  g i v i n g  a n i t r o  c o m p le x  o r  t h r o u g h  a n  o x y g e n  
a to m  g i v i n g  a n i t r i t o  co m p lex©  I n  g e n e r a l  t h e  e f f e c t  o f  
c o o r d i n a t i o n  th r o x ig h  n i t r o g e n  i s  t o  r a i s e  t h e  f r e q u e n c i e s  
o f  b o t h  t h e  a s y m m e t r i c  s t r e t c h i n g  mode ( V ajg( ^ ° 2 ^  a *1d t h e
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T A B L E  30 I N F RA R E D  A B S O R P T I O N S  OF T H E  N X T R O  G R O U P
Compound F r e q u e n c y  (cm
N i ( o p d ) 9 ( N 0 o )Cj Ca Mi
'Va s (N 0  ) 
1 3 9 1
Y s ( N 02 )
1 2 7 1
8 ( n o 2 )
8 l  4m
N i ( m o p d ) „ ( N 0 o ) „Ci C> C.ti 1 3 9 9 1285 8 l4 m
[ C o (N H 3 ) 5N0 2 ]C X ^ b ) 1 4 2 8 1310 824m
[C o (N H  ) 0 N 0 ] C l ^ b )  
[ 0 N 0 ] “
1 4 6 8
1 3 3 5
1 0 6 5
1250
825m
830
c h 3 n o 2 ( c ) 1586 1 3 7 7 658
c i s  C I -M O N O ^ 1 6 2 5 ( H ( N = 0 ) ) 8 4 4 (  V ( n - O ) )
( a )  A l l  b a n d s  a r e  s t r o n g  u n l e s s  o t h e r w i s e  s t a t e d #
( b )  F ro m  R e f e r e n c e  [ 8 0 ] o
( c )  F ro m  R e f e r e n c e  [ 8 l ] «
( d )  F ro m  R e f e r e n c e  [ 8 2 ] #
- 1 5 8  -
s y m m e t r ic  s t r e t c h i n g  inode ( '9 (NO ) ) f r o m  t h e  f r e e  i o n  v a l u e s3 d
— X “• Xo f  *>* 1 32 8 cm™ a n d  1260cm r e s p e c t i v e l y  t o w a r d s  v a l u e s
o b s e r v e d  f o r  c o v a l e n t l y  b o n d e d  n i t r o  g r o u p s ,  e * g ® ,  i n
n i t r o m e t l i a n e  ( s e e  T a b l e  3 0 ) *  On t h e  o t h e r  h a n d  c o o r d i n a t i o n
t h r o u g h  o x y g e n  h a s  t h e  e f f e c t  o f  r a i s i n g  t h e  f r e q u e n c y  o f
V  ( N 0 o ) a n d  o f  l o w e r i n g  t h a t  o f  ( N 0 o ) t o w a r d s  t h e  N ~0  a n d  as  £ s
N =0  f r e q u e n c i e s  i n  a l k y l  n i t r i t e s ,  e ® g OJ i n  c i s  m e t h y l  n i t r i t e  
( s e e  T a b l e  3 0  ) P T h e s e  e f f e c t s  h a v e  b e e n  d e m o n s t r a t e d  i n  a  
n u m b e r  o f  n i t r o  a n d  n i t r i t e  c o m p le x e s  [ 3 9 ? 80 ] ,  , s e e ,  f o r
I n s t a n c e ,  t h e  b a n d s  f o r  [ C o ( N H ^ ) N O ^ ]0 1 ^  an d  [ C o ( N H ^ ) ^ O N O ]C l^  i n  
T a b l e  30 © T h e  d e f o r m a t i o n  mode (6 (NO ) a p p e a r s  t o  show  nod
s y s t e m a t i c  d i f f e r e n c e  i n  f r e q u e n c i e s  f o r  n i t r x t o  a n d  n i t r o  
c o m p le x e s  0
T h e  V  a n d  ~)) b a n d s  f o r  t h e  c o m p le x e s  N i ( o p d ) 0 ( N 0 o ) 0 a s s dt dt dt
a n d  N i ( m o p d ) ^ ( N O g ) 0 b o t h  h a v e  f r e q u e n c i e s  a b o v e  t h o s e  f o r  
t h e  f r e e  i o n ,  a n d  i t  i s  t h u s  l i k e l y  t h a t  n i t r i t e  i s  b o n d e d  
t h r o u g h  n i t r o g e n  i n  b o t h  o f  th e s e ®  I t  was n o t  p o s s i b l e  t o  
a s s i g n  t h e  w a g g in g  mode ( f l  (NO ) f o r  e i t h e r  o f  t h e s e  c o m p le x e s
W  eft
o w in g  t o  l i g a n d  a b s o r p t i o n s  o c c u r r i n g  i n  t h e  r e g i o n  w h e r e  p w  
i s  t o  be e x p e c t e d  (©* 600c m ^ %  ©
~ 1 5 9
c o m p le x e s  a r e  shown i n  F i g u r e  35 a n d  t h e  p r i n c i p a l  a b s o r p t i o n
f r e q u e n c i e s  a r e  l i s t e d  i n  T a b l e  31  © Two f e a t u r e s  o f  t h e
s p e c t r a  a r e  s i g n i f i c a n t ©
( a )  T h e  a n d  V 0 b a n d s  o c c u r  a t  c o n s i d e r a b l y  h i g h e r
X  di
e n e r g y  t h a n  f o r  a n y  o f  t h e  o t h e r  n i c k e l ( X X )  c o m p le x e s  d e s c r i b e d
i n  t h i s  w o r k ,  a s  i s  s u g g e s t e d  b y  t h e  r e d d i s h  p i n k  c o l o u r  o f
b o t h  c o m p le x e s ©  T h i s  s u p p o r t s  t h e  i n f r a r e d  e v i d e n c e  t h a t
s u g g e s t s  t h a t  t h e  n i t r i t e  i o n  i s  c o o r d i n a t e d  t h r o u g h  n i t r o g e n
r a t h e r  t h a n  t h r o u g h  o x y g e n ,  a s  t h e  n i t r o g e n - b o n d e d  n i t r o  g r o u p
i s  'know n, t o  o c c u p y  a h i g h  p o s i t i o n  i n  t h e  s p e c t r o c b e m i c a l
<~Xs e r i e s ©  A A v a l u e  o f  1 3 ,4 0 0 c m  h a s  b e e n  f o u n d  f o r  t h e
c o o r d i n a t e d  n i t r o  g r o u p  ( i n  K ^ B a C N i(N 0 o ) g ]  w h e r e a s  i t  h a s  b e e n
s u g g e s t e d  t h a t  o x y g e n - b o n d e d  n i t r i t e  o c c u p i e s  a s i m i l a r
 ^1
p o s i t i o n  t o  i s o t h i o c y a n a t e  [ 39 ]  (A  ^ 1 0 ,0 0 0 c m  )© U s i n g
t h e  a v e r a g e  e n v i r o n m e n t  r u l e  a n d  A v a l u e s  o f  1 3 ,4 0 0 c m  1 a n d  
/* — 11 0 , 650cm f o r  t h e  n i t r o - g r o u p  an d  f o r  c y -p h e n y l  e n e  d i a m i n e  
r e s p e c t i v e l y ,  t h e  D .  b a n d  f o r  M i ( o p d ) 0 ( N 0 o ) n w o u ld  b e  e x p e c t e d  
t o  f a l l  a t  a b o u t  1 1 ,5 0 0 c m  %  T h e  b r o a d  b a n d  f o r  
N i ( o p d ) „ ( N 0 o) 0 d o e s ,  i n  f a c t ,  f a l l  a p p r o x i m a t e l y  i n  t h i s
ifs Al
p o s i t i o n ©
(ii) E l e c t r o n i c  S p e c t r a
T h e  e l e c t r o n i c  s p e c t r a  o f  t h e  t w o  d i n i tr od xa oi ine
- 1 6 0  -
( b )  T h e  V b a n d ,  a l t h o u g h  b r o a d  a n d  a s y m m e t r i c , d o es  
n o t  sh o w  a d e f i n i t e  s p l i t t i n g #  I f  t h i s  com pound w e r e  i n  t h e  
t r a n s  f o r m  t h e r e  s h o u ld  b e  v e r y  c o n s i d e r a b l e  t e t r a g o n a l  
d i s t o r t i o n ,  u n l i k e  t h e  t h i o c y a n a t e  c o m p le x e s ,  as  t h e r e  w o u ld  
b e  a  s t r o n g  c o n t r a s t  b e t w e e n  a x i a l  a n d  e q u a t o r i a l  l i g a n d  f i e l d s #  
H o w e v e r ,  t h e  b a n d  f o r  t r a n s  d i n i t r o t e t r a m m i n e  n i c k e l ( X I )
( s e e  F i g u r e  35  ) i s  a l s o  u n s p l i t ,  a l t h o u g h  a s t r o n g  c o n t r a s t  
b e t w e e n  a x i a l  a n d  e q u a t g ) ^ | ia l  f i e l d s  w o u ld  b e  e x p e c t e d  i n  t h i s  
c o m p le x *  H o w e v e r ,  i n  t h e  s i n g l e  c r y s t a l  s p e c t r u m  o f  t h i s  
c o m p le x  t h e  b a n d  h a s  b e e n  r e s o l v e d  i n t o  tw o  c o m p o n e n ts
u s i n g  p e r p e n d i c u l a r  a n d  p a r a l l e l  p l a n e  p o l a r i s e d  l i g h t  [  4 l  ] *
A s p i n  f o r b i d d e n  b a n d  c a n  a l s o  be d i s t i n g u i s h e d ( s e e  T a b l e  3 1  )#
I t  seem s l i k e l y ,  t h e r e f o r e ,  t h a t  t h e  b r o a d  b a n d  i n  t h e  tw o  
a r o m a t i c  d i a m in e  c o m p le x e s  may w e l l  b e  a  r e s u l t  o f  s u p e r p o s i t i o n
3 3 Ao f  t h e  B9 and E c o m p o n e n ts  o f  V_ # A s p i n  f o r b i d d e n  b a n d  
O O X ~
m ay a l s o  b e  c o n t a i n e d  w i t h i n  t h i s  e n v e lo p e #  T h e  p o s i t i o n s  
o f  t h e  e x t r e m e  e d g e s  o f  t h e  u n s p l i t  V ^  b a n d  i n  t h e  a r o m a t i c  
d i a m in e  c o m p le x e s  o c c u r  f a i r l y  n e a r  t o  t h e  f r e q u e n c i e s  o f  t h e  
r e s o l v e d  c o m p o n e n ts  o f  f o r  N i  (N H ^ ) /!L(NGr,) I t  i s  t h e r e f o r e
q u i t e  l i k e l y  t h a t  s i n g l e  c r y s t a l  p o l a r i s e d  l i g h t  e x p e r i m e n t s  
w o u ld  r e v e a l  c o n s i d e r a b l e  s p l i t t i n g  o f  f o r  t h e s e  c o m p le x e s ,  
e s p e c i a l l y  a s  t h e i r  d i f f u s e  r e f l e c t a n c e  s p e c t r a  d i s p l a y  m o re
£o- VD0 4> to 0O O ft to *H ti to ft ft 
toO O
o
(0 P  
ft ° •ft o  __'
lf\
o
o
ft*
o
o
rA
o
O
OJ H
O 0O
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j1
a s y m m e tr y  i n  t h e  b a n d  t h a n  f o r  N i  (N H ^ ) ^ (N O ^ )  2 * I t  i s  a l s o  
n o t a b l e  t h a t  t h e  V o  L a n d  o c c u r s  a t  a n  a l m o s t  i d e n t i c a l
dt
p o s i t i o n  ( 505mp) i n  t h e  r e f l e c t a n c e  s p e c t r a  o f  a l l  t h r e e  
c o m p le x e s ®  T h u s  i t  i s  p r o b a b l e  t h a t  t h e  c o m p le x e s  o f  b o t h  
a r o m a t i c  d i a m i n e s  a r e  i n  t h e  t r a n s  form ®
TABLE 31  ELECTRONIC SPECTRA OF THE N IT R O  COMPLEXES -
D IF F U S E  REFLECTANCE
( El)A b s o r p t i o n  M a x im a  ( u p p e r  f i g u r e  i n  mp,
- 1  - 3
l o w e r  b r a c k e t e d  f i g u r e  I s  cm x l O  )
Compound Y2 > 1
N i ( o p d ) 2 ( N 0 2 ) 2 + 5 0 5
( 1 9 . 8 0 )
3 1 5  -  8 9 5  
( 1 2 .3 0  -  1 1 . 20 )
N i ( m o p d )  (NO ) 0
dl dl d)
+ 5 0 3
( 1 9 . 9 0 )
805 -  890 
(12. .4.0 -  1 1 . 25)
N l ( N H 3 ) 4 (N 02 ) 2 ( b ) 3 3 5 5 0 5 880b d
( D i f f u s e  R e f l e c ­
t a n c e  )
( 29 * 8 5 ) ( 1 9 . 8 0 ) ( 1 1 . 4 0 )
N i ( N H 3 ) 4 (N 02 ) 2 ( c )
( S i n g l e  c r y s t a l -  
p o l a r i s e d  l i g h t )
( d ) 3 E g  4 9 4 / /  
( 2 0 . 3 5 )  
3A 2 g  5 0 3 X.
( 1 9 . 9 )
i  1 
A , , B ,  
i s ’ l g
( 1 2 . 7 5 )
3B 2 g  8 3 3  
( ^ | ? 0 0 )
3 E g  895 / /
( 1 1 . 2 0 )
+ S t r o n g  l i g a n d  a b s o r p t i o n s  o c c u r  i n  t h i s  r e g i o n  
( a )  A l l  b a n d s  a r e  s t r o n g ®  ( b )  B an ds  m e a s u r e d  i n  t h i s  w o r k  -  
Com pound p r e p a r e d  b y  m e th o d  d e s c r i b e d  b y  P a lm e r  [ &3 ]  0
( c )  F ro m  [4 -1  ]® ( d )  N o t  m e a s u r e d *
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S E C T I O N  V  
C O P P E R ( I I )  COMPLEXES OF ORTHO-PHBN Y L B N E D IAM INE
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A© THE PREPARATION OF THE COMPLEXES 
A n a l y t i c a l  d a t a  on  t h e  c o p p e r ( I I )  o ~ p h e n y l e n e d i a m i n e  
Q o m p le x e s  a r e  g i v e n  i n  T a b l e  3 2  © O f t h e  com pounds l i s t e d ,  
C u ( o p d ) B r 2 , C u ( o p d ) ^ ( B F ^ ) 2 a n d  C u ( o p d ) ^ S e O ^ © a * * ®  new  c o m p le x e s ©  
T h e  r e m a i n i n g  com pounds h a v e  b e e n  p r e v i o u s l y  r e p o r t e d  b y  H i e b e r  [ 4 ] ©  
T h e  g e n e r a l  m e th o d  o f  p r e p a r a t i o n  o f  t h e  c o m p le x e s  i s  s i m i l a r  t o  
t h a t  d e s c r i b e d ,  o n  p® 5 4  ? e x c e p t  t h a t  d i f f e r e n t  s o l v e n t s  w e r e  
q m p lo y e d  i n  some o f  t h e  p r e p a r a t i o n s ©  O n ly  w e i g h t s  o f  r e a g e n t s ,  
v o lu m e s  o f  s o l v e n t s  and  a n y  d i f f e r e n c e s  f r o m  t h e  g e n e r a l  m e th o d  
a r e  g i v e n  h e re ©
( a )  D i c h l o r o m o n o ( o - p h e n y l e n e d i a m i n e ) c o p p e r ( I I )
A s o l u t i o n  o f  jo - p h e n y l e n e d i a m i n e  ( 2 © l 8 g  ? 0 © 0 2 2  m o le )  i n  
a b s o l u t e  e t h a n o l  ( 100m l)  w as a d d e d  t o  a s o l u t i o n  o f  c o p p e r  
c h l o r i d e  ( 6 ©82g -  0 © 0 4 0  m o le  o f  d i h y d r a t e )  i n  a b s o l u t e  e t h a n o l  
( 80m l ) ©
( U ) D i b r omom on o ( o ~ p h e n y l e n e d i a m i n e ) c o p p e r ( X I )
n m■>Tni I rm«m r i—   mmm ifii
A s o l u t i o n  o f  o ^ -p h e n y le n e d ia m in e  ( 2 ® l 8 g  ; 0 © 0 2 2  m o le )  i n  
a b s o l u t e  e t h a n o l  ( 150m l )  w as a d d e d  t o  a s o l u t i o n  o f  c o p p e r  
b r o m id e  ( 8 ©98g y 0 © 0 4 0  m o le  o f  a n h y d r o u s  s a l t )  i n  a b s o l u t e  
e t h a n o l  ( 300m l)©
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( c ) B i s ( o - p h e n y l e n e d i a m i n e ) c o p p e r ( I I ) n i t r a t e  
A s o l u t i o n  o f  c o p p e r  n i t r a t e  (2 #4 -7g  ; 0 * 0 1 0  m o le  o f  
t r i h y d r a t e )  i n  a q u e o u s  e t h a n o l  ( 25m l o f  96% e t h a n o l  a n d  1 0 m l  
o f  w a t e r )  was a d d e d  t o  a s o l u t i o n  o f  o - p h e n y l e n e d i a m i n e  
( 2 * l 4 g  ; 0 * 0 2  m o le )  i n  96% e t h a n o l  ( 1 0 0 m l ) #
( d )  B is  (,o - p h e n y l e n e  d ia m in e . )  c o p p e r  (XX  ) t e t r a f  l u o r o b o r a t e  
A s o l u t i o n  o f  o - p h e n y l e n e d i a m i n e  ( 4 * 3 2 g  ; 0 * 0 4 0  m o le )  
i n  a q u e o u s  e t h a n o l  ( 60m l o f  96% e t h a n o l  a n d  100m l o f  w a f e r )  w as  
a d d e d  t o  a s o l u t i o n  o f  c o p p e r  f l u o r o b o r a t e  ( 0 * 0 4  m o le )  i n  w a t e r  
( 3 0 m l ) ,  a n d  t h e  m i x t u r e  c o o l e d  t o  0 °C #  T h e  c o m p le x  was w a s h e d  
w i t h  i c e  c o l d  w a t e r  a n d  e t h a n o l #
( e ) B i s ( o - p h e n y l e n e d i a m i n e ) c o p p e r ( X I ) s u l p h a t e  m o n o h y d r a te  
A s o l u t i o n  o f  co p p e r*  s u l p h a t e  ( 2 # 5 0 g  ; 0 # 0 1 0  m o le  o f  
p e n t a h y d r a t e ) i n  a q u e o u s  m e t h a n o l  ( 4 0 m l o f  e t h a n o l  a n d  70m l o f  
w a t e r )  w as a d d e d  t o  a  s o l u t i o n  o f  ^ o - p h e n y le n e d ia m in e  ( 2 #1 5 g ;
0*020 m o le )  i n  m e t h a n o l  ( 5 0 m l ) #  T h e  c o m p le x  w as w a s h e d  w i t h  
m e t h a n o l *
T h e  h y d r a t e d  c o m p le x ,  C u ( o p d ) oS 0 . * K o0 w as  h e a t e d  i n
e.i c.I ■' -1— 1
v a c u o  a t  1 2 0 ° C  f o r  tw o  h o u r s *  T h e  a n h y d r o u s  c o m p le x  i s  
h y g r o s c o p i c  an d  w as s t o r e d  i n  v a c u o  i n  s e a l e d  g l a s s  t u b e s *
-  l 6 6  -
( g )  B i s ( o - p h e n y l e n e d i a m i n e ) c o p p e r ( I X )  s e l e n a t e  m o n o h y d r a te  
A s o l u t i o n  o f  c o p p e r  s e l e n a t e  ( 0 * 0 1 0  m o le )  i n  w a t e r  ( 7 5 m l )  
w as a d d e d  t o  a s o l u t i o n  o f  o - p h e n y l e n e d i a m i n e  (3  © 3 2g ; 0 * 0 3 0  m o le )  
i n  a q u e o u s  m e t h a n o l  ( 3 5 m l  o f  m e t h a n o l  a n d  9 5 m l o f  w a t e r ) 0 T h e  
c o m p le x  w as w a s h e d  w i t h  m e th a n o l®
TABLE 32 A N A LYSIS  AND D E S C R IP T IO N  OF COMPOUNDS PREPARED I N  SECT* V
Compound C o lo u r °/oC o p p e r
% °/o % 
C a r b o n  H y d r o g e n  N i t r o g e n
( a ) C u ( o p d ) C l 2 B l u e / g r e e n  F o u n d 25  ©94 3 0 .2 8 3 . 7 6 1 1 .0 9
C a l c d * 2 6 * 0 7 2 9 . 7 0 3 . 3 2 1 1 . 5 5
( b ) C u ( o p d ) B r 2 g r e e n F o u nd 19 © 02 2 2 . 3 1 2 . 5 5 7 .8 8
C a lc d ® 19 ©16 2 1 . 7 4 2 .4 -3 8 . 4 5
( c ) C u ( o p d ) 2 (NO ^ ) 2 v i o l e t F o u n d 15 © 59 3 5 . 6 5 4 .1 3 2 0 . 7 4
C a lc d o 15 ©73 3 5 . 6 8 3 . 9 9 2 0 . 8 1
( d ) C u ( op d ) 2 ( BF ^ ) g v i o l e t F o u n d 13© 9 4 3 2 . 5 4 3 . 5 4 1 3 .2 2
C a lc  d* 1 4 *  0 1 3 1 . 7 8 3 . 5 6 12  .3 6
( e ) C u ( o p d ) 2 S 0 h ° H 2 ° v i o l e t F o u n d 15 @90 3 6 . 5 0 4 . 6 9 1 4 . 2 2
C a lc d ® l 6 013 3 6 . 5 8 4 .6 0 1 4 .2 3
( f ) C u (o p d )  2 s 0 /,, v i o l e t F o u n d l6 ®  6 4 3 8 .2 2 4 . 6 6 1 4 . 9 1
C a l c d * 1 6 ® 90 3 8 . 3 3 4 . 2 9 1 3 . 9 4
( g ) C u ( o p d ) 2 S e O ^ * H 2 0 v i o l e t F o u n d 1 9 o 0 7 3 3 . 1 1 4 . 3 0 1 3 . 9 4
C a l c d * 1 9 © 16 3 2 . 7 0 4 . 1 1 1 3 .0 8
k  H a l o g e n  a n a l y s i s : ( a )  F o u n d :
( b )  F o u n d :
2 9 * 16%, 
4 7 © 18%,
C a l c d *
C a lc d ®
29 . 23%
4 8 .2 1 %
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B . RESULTS AND D IS C U S S IO N  
1® M a g n e t i c  M e a s u r e m e n ts
T h e  m a g n e t i c  m om ents  f o r  t h e  c o p p e r ( X I )  c o m p le x e s ,  g i v e n  
i n  T a b l e  33 a r e  t y p i c a l  o f  d i s t o r t e d  o c t a h e d r a l  o r  s q u a r e - p l a n a r  
c o p p e r ( I X )  com pounds [ 6 2  ] a n d  i t  i s  a p p a r e n t  t h a t  t h e  c o p p e r  
a to m s  a r e  n o t  s u f f i c i e n t l y  c l o s e  f o r  s p i n / s p i n  i n t e r a c t i o n  t o  
o c c u r  i n  a n y  o f  t h e s e  oy p h e n y l e n e  d ia m in e  c o m p le x e s ©
TABLE 33 MAGNETIC DATA
Compound ^ E F F( c ©g * s ®u © ( c © g ® s 0u 0 (c©goS*u© ( c©g®s©u© (°K ) (B ohr
M a g n e t © )
C u ( o p d ) C l g 4 9 7 0 1 2 0 5 119 1 3 2 4 296 1 . 7 8
C u ( o p d ) ^ ( N 0 7 ) 2 3 0 8 0 1 2 4 4 182 1 4 2 6 294 1© 8 4
C u (o p d )  S O . J - I  0& Z cdi 2 9 4 9 1 x 62 210 1 3 7 2 292 1 © 80
2© I n f r a r e d  M e a s u r e m e n ts
( i )  C -N  S t r e t c h i n g  a n d  N -H  S t r e t c h i n g  F r e q u e n c i e s
— 1 —  XT h e  b a n d s  i n  t h e  3 0 0 0 c m  an d  t h e  1 2 4 0 c m  r e g i o n  f o r
t h e  c o p p e r  c o m p le x e s  g i v e n  i n  T a b l e  34  a r e  a s s i g n e d  t o  t h e  N -H  
a n d  C -N  s t r e t c h i n g  v i b r a t i o n s  r e s p e c t i v e l y  e x c e p t  i n  t h e  c a s e  
o f  t h e  h y d r a t e d  c o m p le x e s ,  C u (o p d )  ^SO^.I-tyO a n d  C u ( o p d )  2 S e 0 Zt©H2 0 ,
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w h e r e  t h e  m ed iu m  i n t e n s i t y  b a n d s  a t  a p p r o x i m a t e l y  3 4 00 cm  a r e
p r o b a b l y  a s s o c i a t e d  w i t h  G -H  s t r e t c h i n g  v i b r a t i o n s *  On
—1d e h y d r a t i o n  o f  C u ( o p d ) oS 0 , * H o0 , t h e  b a n d  a t  3 4 4 2 c m  d i s a p p e a r s #X c>
A p p l y i n g  t h e  c r i t e r i a  d i s c u s s e d  i n  S e c t i o n  I I I  (p * 7 7 '8 ^  ?
i t  a p p e a r s  t h a t  a l l  t h e  c o m p le x e s  i n  t h i s  s e c t i o n  c o n t a i n
c h e l a t i n g  ^ - p h e n y l e n e d i a m i n e  m o l e c u l e s  s i n c e ,  ( a )  t h e y  a l l  show
- 1a s i n g l e  C -N  v i b r a t i o n  a t  a b o u t  X 240cm  a n d  ( b )  t h e  h i g h e s t  
f r e q u e n c y  N -H  s t r e t c h i n g  b a n d s  f o r  t h e  c o m p le x e s  a r e  i n  t h e  
r a n g e  3309< -3 231 c m “ 1 .
TABLE 34 INFRARED ABSORPTION F R E Q U E N C IE S ^ (cm - 1 )
—  1
Compound I n  r a n g e3 5 0 0 - 3 0 0 W 1
I n  r a n g e  1 
1290 - 1220om"
C u ( o p d ) C lg 3 2 3 1 , 3 1 8 5 , 3 1 5 9 , 3 0 7 7 a ,3 0 3 9 m 1 2 4 4
C u ( o p d ) B r 2 3 2 5 2 s h , 3 2 3 1 , 3 1 8 8 , 3 1 5 8 , 3 0 7 7 m ,3 0 4 2 m  1 2 3 8
C u ( o p d ) 2 ( N 0 3 ) 2 3 2 9 3 , 3 1 9 8 , 3 1 4 0 , 3 1 0 9 1 2 4 1
C u ( o p d ) g ( BF 4 ) 2 3 3 0 9 , 3 2 6 6 , 3 1 9 8 m ,3 1 4 7 W ,3 1 2 3 w 1239
C u (o p d )g S O ^ .H ^ O 3 4 4 2 m , 3 1 9 2 s h , 3 1 5 0 , 3 1 0 1 1 2 4 1
C u ( o p d ) a S 0 4 3 2 7 9 m ,s h ,  3 1 4 7 , 3 0 3 9 1 2 4 4
C u ( o p d ) 2 ® e 0  .HpO 3 4 2 2 m ,3 2 4 7 m ,s h ,  3 1 3 7 , 3 0 6 0 1 2 4 1
K A l l  b a n d s  a r e  s t r o n g  u n l e s s  o t h e r w i s e  s t a t e d *
- 1 6 9  -
The a b s o r p t i o n  b a n d s  a s s o c i a t e d  w i t h  a n i o n s  i n  t h e
c o p p e r ( I I )  j o ~ p h e n y l e n e d i a m i n e  c o m p l e x e s  a r e  l i s t e d  i n
T a b l e  35 © I n  e v e r y  c a s e  o n l y  w e a k  i n t e r a c t i o n  b e t w e e n
t h e  a n i o n  a n d  t h e  m e t a l  a t o m  i s  i n d i c a t e d ,  a s  t h e r e  i s  o n l y
a v e r y  s m a l l  d e g r e e  o f  s p l i t t i n g  o f  b a n d s  r e s u l t i n g  f r o m
t h e  p a r t i a l  l i f t i n g  o f  t h e  d e g e n e r a c y  o f  some o f  t h e  modes®
T he  g r e a t e s t  s p l i t t i n g  m i g h t  b e  t h a t  o f  t h e  b an d  f o r
C u ( o p d ) 2 ( B P ^ ) ^ , b u t  i t  i s  b y  no m eans c e r t a i n  t h a t  t h i s
S f f e c t  i s  n o t  c a u s e d  b y  d i a m i n e  l i g a n d  a b s o r p t i o n s  i n  t h e  
- 11 100cm  r e g i o n *
The a b o v e  r e s u l t s ? t o g e t h e r  w i t h  m a g n e t i c  m e a s u r e m e n t s  
a n d  l i g a n d  i n f r a r e d  a b s o r p t i o n s  ( T a b l e  34  )t) a r e  i n  k e e p i n g  
w i t h  s t r u c t u r e s  f o r  t h e  2 : 1  c o m p l e x e s  w i t h  tw o  e q u a t o r i a l  
c h e l a t i n g  d i a m i n e  m o l e c u l e s  and a n i o n s  ( o r  w a t e r  m o l e c u l e s )  
w e a k l y  c o o r d i n a t e d  t h r o u g h  l o n g  b o n d s  i n  t h e  a x i a l  
p o s i t i o n s ,  g i v i n g  a d i s t o r t e d  o c t a h e d r a l  s t r u c t u r e  t y p i c a l  
o f  c o p p e r ( X X )  c o m p l e x e s  [ 8 4 ] *
T h e r e  a r e  so m e  c h a n g e s  i n  t h e  a n i o n  a b s o r p t i o n s  on  
d e h y d r a t i o n  o f  t h e  c o m p l e x  C u ( o p d ) 0 SG,®Ho 0 ,  a l t h o u g h  t h e r eEti k Cj
i s  no  a p p a r e n t  s h a r p e n i n g  o f  t h e  s p l i t t i n g s ®  T h e  r o l e  
o f  t h e  w a t e r  m o l e c u l e  i n  t h i s  c o m p l e x  and i n  C u (o p d )  ^S eC ^H ^O
( i i )  In f r a r e d  A b s o rp t io n s  A s s o c ia te d  w ith  A n io n s
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i s  u n c e r t a i n  b u t  i t  i s  p o s s i b l e  t h a t  i t  o c c u p i e s  t h e  a x i a l  
c o o r d i n a t i o n  p o s i t i o n s  a n d  l i n k s  s u c c e s s i v e  CuNZj p l a n e s  a s  
i n  t h e  c o m p l e x  CuCNH^) © H^O [ 8 5 3 .
TABLE 35 INFRARED ABSORPTIONS DUE TO ANIONS
Compoundni.«»nm-«u m ********
C u ( o p d ) ^ ( N O ^ ) 2
C u ( o p d ) 2 (B F ^ )g
A b s o r p t i o n  F r e q u e n c y 31/ c m  1 )ti— -rtjii».i|iirrvitimi^ r--—*    By mum m ihhhTTb.iii     »Mil in' ni rn 1 ......... ................... ................... ..................................
1 3 8 3 a b ,  1 3 5 1  
8 2 4
1 0 9 5 s h ,  1 0 5 6 b d ,  1 0 1 7 b d
5 2 6 m
C u (o p d )g S O r .H g O  1 1 0 2 s h ,  1 0 7 5
6 1 0 , 595ta
C u (o p d ) 1 0 9 5 b d ,  1 0 5 1 s h
6 1 2 ,  6 0 3 s h
C u ( o p d ) _ S e 0 . . H g O  8 6 6 s h ,  8 6 0
8 2 9 w , s h
A s s i g n n e n t
V , ( N - 0  a s y m m e t r i e  
s t r e t c h )
o u t  o f  p l a n e  
 ^ d e f o r m a t i o n )
t o ( B - F  a s y m m e t r i c  
s t r e t c h )
a s y m m e t r i c
b e n d )
V , ( s - o  a s y m m e t r i c  
s t r e t c h )
V 4 ( s o t a s y m m e t r i c  
"bend)
V n s - o  a s y m m e t r i c3 s t r e t c h )
(SO* a s y m m e t r i ch K L
~7be.n d )
VL ( S e - 0  a symme t r i  c 
s t r e t c h )
V  ( S e - 0  s y m m e t r i c  
s t r e t c h )
x  A l l  b&n ds a r e  s t r o n g  u n l e s s  
o t h e r w i s e  s t a t e d ©
- 171 -
A l t e r n a t i v e l y  t h e  o x y a n i o n s  may l i n k  s u c c e s s i v e  p l a n e s  
t o g e t h e r ,  t h e  w a t e r  m o l e c u l e  b e i n g  h e l d  b y  h y d r o g e n  b o n d i n g  
a s  w i t h  t h e  f i f t h  w a t e r  m o l e c u l e  i n  Cu(Ho0 )  ^SO^H^O [ 8 6 ] *
T h e r m o g r a v i m e t r y  s h o w s  t h a t  t h e  w a t e r  i s  q u i t e  s t r o n g l y  
b o u n d  i n  b o t h  C u (o p d )  ^SeO^oH^O and  C u (o p d )  ^SO^oK^O, d e h y d r a t i o n  
o c c u r r i n g  i n  t h e  t e m p e r a t u r e  r a n g e  1 5 0 ~ l 8 0 ° C  f o r  b o t h  c o m p l e x e s *  
T h e r e  i s  n o  c o l o u r  c h a n g e  on d e h y d r a t i o n *
3 * E l e c t r o n i c  S p e c t r a
T he  e l e c t r o n i c  s p e c t r a  o f  t h e  c o m p l e x e s ,  g i v e n  i n  
T a b l e  3 6 ,  a r e  t y p i c a l  o f  d i s t o r t e d  o c t a h e d r a l  o r  s q u a r e  p l a n a r  
c o p p e r ( I I )  c o m p l e x e s ,  h a v i n g  a s i n g l e  b r o a d  b a n d  i n  t h e  
5 5 0 - 7 5 0 m p  r e g i o n  [ 7 3 ] «  T h i s  ba n d  p r o b a b l y  c o n t a i n s  tw o  o r  
t h r e e  b a n d s  w i t h i n  i t s  b r o a d  e n v e l o p e *  R e s o l u t i o n  c a n  b e  
a f f e c t e d  b y  p l o t t i n g  g a u s s i a n  c u r v e s  o r  b y  m e a s u r i n g  t h e  s p e c t r a  
a t  l o w  t e m p e r a t u r e s , and  i t  i s  h o p e d  t o  u s e  t h e  l a t t e r  m e t h o d  o f  
r e s o l u t i o n  w hen  a p p r o p r i a t e  a p p a r a t u s  i s  a v a i l a b l e ,  b u t  no  
d e t a i l e d  a n a l y s i s  o f  s p e c t r a  i s  g i v e n  h e r e *
The s£ ? e c tr a  o f  t h e  2 : 1  c o m p l e x e s  sh o w  a m ark ed
2 +s i m i l a r i t y  w i t h  b o t h  o n e  a n o t h e r  a n d  w i t h  t h a t  o f  [Cu e n g ]
( i n  C u en QC l  ) * I n  v i e w  o f  t h e  i n f r a r e d  e v i d e n c e  s u g g e s t i n g
Mi Mi
2 +  -p r e d o m i n a n t l y  i o n i c  s t r u c t u r e s  ( C u ( o p d ) 2 2X ) ;  t h e  s p e c t r a
p  .
a r e  e f f e c t i v e l y  t h o s e  o f  t h e  C u (o p d )  i o n *
Mi
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The s p e c t r a  of* t h e  1:1 c o m p l e x e s  show some s i m i l a r i t y  
w i t h  t h e  c o r r e s p o n d i n g  e t h y l e n e d i a m i n e  c o m p l e x e s  [ 7 9 ‘] ,  and  i t  
i s  n o t e w o r t h y  t h a t  t h e  m a in  b a n d  f o r  t h e  1 : 1  c o m p l e x e s  o c c u r s  
a t  a  much l o w e r  e n e r g y  t h a n  f o r  t h e  2 : 1  c o m p l e x e s  i n  k e e p i n g  
w i t h  t h e  l o w e r  l i g a n d  f i e l d  f o r  C u N ^ C h a l / )^  c o m p a r e d  w i t h  
CuN^* F o r  CuenCXp i t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  a x i a l  
c o o r d i n a t i o n  p o s i t i o n s  o n  t h e  c o p p e r  a tom  a r e  f i l l e d  b y  l o n g  
b a n d s  t o  c h l o r i n e  a t o m s  i n  o t h e r  CuN^CX^ p l a & e s  [ 7 9 ] ,  (F ig® 3*7 )© 
The c j - p h e n y l e n e  d i a m i n e  c o m p l e x e s  may h a v e  c o K ip a r a b le  s t r u c t u r e s
C l i  JT
/  Cu /
° V ---- T—
4 c i
u Cu /— — c x
C i  I_______ K
/  C u  / )
c l 4--- T— N
F i g u r e  37
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T A BLE  36 ELEC TRO N IC  SPECTRA  - D IF F U S E  REFLECTANCE
Compound ( a )A b s o r p t i o n  Maxima i n  mp, ( b r a c k e t e d
- 1  - 3f i g u r e  i n  era x l O  )
C u ( o p d ) C lg 4 6 0 m , s h ( 2 1 . 7 ) , 6 5 0 s h ( 1 5 . 4 ) , 7 4 0 ( 1 3 . 5 )
C u ( o p d ) B r ^ 4 2 0 s h ( 2 3 . S ) , 6 5 0 s h ( 1 5 . 4 ) , 7 3 5 ( 1 3 . 6 )
Cu e n  C l  b^ ^
Mi 6 6 0 ( 1 5 . 1 ) , 7 2 5 s h ( 1 3 .
Cu e n  B r 2 ^ 4 0 0 ( 2 5 . 0 ) , 6 6 0 ( 1 5 . 1 ) , 7 2 0 s h ( 1 3 .
Cu( o p d )  2 (NO^ ) 2 5 6 2 ( 1 7 . 8 0 ) .
C u ( o p d ) 2©F4 ) 2 5 4 5 ( 1 8 . 4 0 )
Cu(oiDd) 2 S 0 4 *Ho 0 5 6 7 ( 1 7 . 6 4 )
C u ( o p d )  gSeO ^H ^O 5 6 5 ( 1 7 . 7 0 )
Cu e n D C l  *b *
Mi M\ 5 6 0 ( 1 7 . 8 5 )
( a )  A l l  b a n d s  a r e  s t r o n g  u n l e s s  o t h e r w i s e  s t a t e d .
( b )  From R e f .  7 9 .
1
.
1
o
$
;il fc*
k
COMPLEXES OF PAR A-PHEN YLS NEDI AMIN E
A n a l y t i c a l  d a t a  on  t h e  j p - p h e n y l e n e d i a m i n e  c o m p l e x e s  
p r e p a r e d  i n ' t h e  c o u r s e  o f  t h e  p r e s e n t  work  a r e  g i v e n  i n  T a b l e  37© 
A l l  t h e s e  c o m p l e x e s  h a v e  b e e n  p r e v i o u s l y  r e p o r t e d  [7 ,33]  h u t  i n  
e v e r y  c a s e  t h e  p u b l i s h e d  p r e p a r a t i v e  m e th o d  h a s  b e e n  m o d i f i e d ®
The g e n e r a l  m e t h o d  o f  p r e p a r a t i o n  o f  t h e  c o m p l e x e s  i s  s i m i l a r  
t o  t h a t  d e s c r i b e d  o n  p .  5 4  ? e x c e p t  t h a t  i n  som e  c a s e s  d i f f e r e n t
s o l v e n t s  w e r e  employed© O n ly  w e i g h t s  o f  r e a g e n t s ,  v o l u m e s  o f  
s o l v e n t s  a n d  a n y  d i f f e r e n c e s  f r o m  t h e  g e n e r a l  m e t h o d  a r e  g i v e n  
h e r e  ©
( a )  D i c h l o r o m o n o ( p - p h e n y l e n e d i a m i n e ) n i c k e l ( I X )
A s o l u t i o n  o f  j o - p h e n y l e n e  d i a m i n e  ( 2 © l 6 g  ; 0©020  m o l e )  i n  
m e t h a n o l  ( 7 5 m l )  w a s  a d d e d  t o  a s o l u t i o n  o f  n i c k e l  c h l o r i d e  
( 7 o l ! g  ; 0 o0 3 0  m o l e  o f  h e x a h y d r a t e )  i n  m e t h a n o l  (75m l)©  The  
c o m p l e x  w a s  w a s h e d  w i t h  m e t h a n o l  and  w a s  d r i e d  a t  1 0 0 °C®
A t t e m p t s  t o  p r e p a r e  t h e  2 s i  c o m p l e x ,  N i C p p d ^ C l ^ ,  w e r e  
u n s u c c e s s f u l  a n d  i n f r a r e d  e v i d e n c e  i n d i c a t e d  t h a t  m i x t u r e s  w e r e  
o b t a i n e d  i n  e v e r y  a t t e m p t ©
( b )  D l b r o m o b i s 4 p - p h e n y l e n e d i a m i n e ) n i c k e l ( I I )
A s o l u t i o n  o f  n i c k e l  b r o m i d e  (2 © 7 9 g  ? 0© 010 m o le  o f  
t r i h y d r a t e )  i n  a m i x t u r e  o f  a c e t o n e  ( 5 0 0 m l)  and m e t h a n o l  ( 3 0 m l )
A© THE PREPARA T IO N  OF THE COM PLEXES
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w a s  a d d e d  t o  a s o l u t i o n  j p - p h e n y l e n e d i a m i n e  ( 2 *1 9 g ? 0 * 0 2 0  ra o le )  
i n  a c e t o n e  (60mX)* The c o m p l e x  was  w a s h e d  w i t h  a c e t o n e #
A t t e m p t s  t o  p r e p a r e  t h e  1 : 1  c o n r p lex  N i ( p p d ) B r 2  r e s u l t e d  
i n  t h e  f o r m a t i o n  o f  N i ( p p d )  gBr^, #
( c ) S u l p h a t o b i s ( p - p h e n y l e n e d i a m i n e ) n i c k e l ( I X )
■i>«iMWnuii>nt< ii     i ■ iimiaminirn u ,i i niimfcanftv iiiifr'Wfhrrnnn-nwnHfr'ftii^ ii iriyiuM<ff»»«w.u»n» ■ ■ttii ii u — im
A s o l u t i o n  o f  n i c k e l  s u l p h a t e  (3 ® 9 9 g  5 0 * 0 1 5  m o l e  o f  
h e x a h y d r a t e )  i n  m e t h a n o l  ( 1 5 0 m l)  w as  a d d e d  t o  a s o l u t i o n  o f  
p - p h e n y l e n e d i a m i n e  ( 3 * 2 5 g  5 0 * 0 3  m o l e )  1-n  m e t h a n o l  ( 7 5 m l ) #  T h e  
c o m p l e x  w as  w a s h e d  w i t h  m e t h a n o l  and  w a s  d r i e d  a t  120°C* The  
p n h y d r o u s  compound i s  h y g r o s c o p i c  a n d  so m e w h a t  a i r - s e n s i t i v e ;  
i t  w a s  c o n s e q u e n t l y  s t o r e d  i n  v a c u o  i n  s e a l e d  g l a s s  t u b e s #
( d)  D i c h l o r o f f i o n o ( p - p h e n y l e n e d i a m i n e )  c o b a l t  ( I I )
1—T—i--rt— 'i i i Tin* i-ii ■nil ■> 11 nm— urn — ■!' n >?Vnnn nfi6rr-|ir» - , (Tr ii i i ri m Ui nr 11 »m 111 ii  ■ ni" n ■ i n n i ■ r 11. #u ii i »i ■ rn »>■ > i wtir« «rf ■ 1 f ".y-^
A s o l u t i o n  o f  j a - p h e n y l e n e d i a m i n e  ( l * 6 3 g  ; 0 * 0 1 5  m o l e )  i n
9 6 % e t h a n o l  ( 7 5 m l)  w a s  a d d e d  t o  a s o l u t i o n  o f  c o b a l t  c h l o r i d e
( 5 o 3 5 g ? 0 * 0 2 3 5  m o le  o f  h e x a h y d r a t e )  i n  9 6 % e t h a n o l  ( 1 2 5 m l)
c o o l e d  i n  a n  i c e - b a t h *  T h e  c o m p l e x  w as  w a s h e d  w i t h  9 6 % e t h a n o l
oand  w a s  d r i e d  a t  1 2 0  C#
TABLE 37  ANALYSIS AND DESCRIPTION OF COMPOUNDS PREPARED IN
SECTION VI
Compound C o l o u r
%
M e t a l
%
C arbon
%
Hydro g e n
%
N i t r o g e n
%
H a l o g e n
N i ( p p d ) C l g y e l l o w  F o u n d  2 4 * 8 7  
C a l c d . 2 4 . 6 9
3 0 * 2 0
3 0 * 3 0
3 * 8 4
3 * 4 0
1 0 . 8 2
1 1 . 7 8
N i ( p p d ) 2B r 2 g r e e n F o u n d  1 3 * 6 0  
C a l c d * 13 * 5 0
33 * 14  
3 2 * 7 7
3 . 9 4
3 . 7 2
1 2 . 6 5
1 2 . 8 7
3 5 . 8 3
3 6 . 6 7
N ± ( p p d ) 2 S 0 4 b l u e F o u n d  1 5 * 4 0  
C a l c  d# 15 * 8 2
3 7 * 7 9
3 8 * 8 2
4 . 2 8
4 . 3 7
1 4 . 6 2
1 5 . 0 9
C o ( p p d ) C l 2 b l u e F oun d  
C a lc  d*
3 0 * 2 9
3 0* 2 3
3 . 5 7
_ _ X .  3.2.___
1 1 . 7 1
1 1 . 7 6
2 9 . 4 8
2 9 . 7 7
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B® RESULTS AND DISCUSSION 
1® M a g n e t i c  M e a s u r e m e n t s
T h e  m a g n e t i c  d a t a  f o r  t h e  n i c k e l ( X I )  c o m p l e x e s ,  g i v e n  
i n  T a b l e  3 8  , s u g g e s t  h i g h  s£3±n o c t a h e d r a l  s t r u c t u r e s ,  t h i s  i s  
f u r t h e r  s u p p o r t e d  b y  t h e  e l e c t r o n i c  s p e c t r a l  m e a s u r e m e n t s *
The m a g n e t i c  moment o f  4®40ByM # f o r  Co (p p d )  C l  t a k e n  
t o g e t h e r  w i t h  i t s  i n t e n a u  b l u e  c o l o u r  s u g g e s t s  a t e t r a h e d r a l  
s t r u c t u r e  [8 ? ]®  O c t a h e d r a l  c o b a l t ( I I )  a m in e  c o m p l e x e s  w i t h  
m a g n e t i c  m om ents  a s  l o w  a s  4*4 .B*M* a r e  ra re ®
TABLE 3 ?  MAGNETIC DATA
Compound
■X c
c ® g* s  ® u ®  
x lO ^
X M
C o g ®  S 0U 0 
x lO ^
D
C *  g* s ® u ®  
xXO^
*X A .
c® g® S ® U 0 
X l 0 6
T
(°K )
M'e f f
( B o h r
M ag n et  *)
N i ( p p d ) C i 0
Ci
1 8 1 6 0 4-318 117 4 4 3 5 295 3 © 2 5
N i ( p p d ) g B r g 8 6 4 4 3 7 5 8 2 10 3 9 6 8 299 3 © 09
C o ( p p d ) C lg 3 4 3 0 0 8 1 7 3 117 8 2 9 0 293 4 * 4 0
2 ® I n f r a r e d  M e a s u r e m e n t s
( i ) N-H a n d  C-N S t r e t c h i n g  F r e q u e n c i e s
- 1  - 1B an d s  i n  t h e  30 0 0 c m  and t h e  1250 cm  r e g i o n  g i v e n
i n  T a b l e  39 a r e  a s s i g n e d  t o  N-H and C-N s t r e t c h i n g  v i b r a t i o n s
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r e s p e c t i v e l y ®  A p p l y i n g ,  s i m i l a r  c r i t e r i a  t o  t h o s e  e m p l o y e d  f o r  
t h e  o i - p h e n y l e n e d i a m i n e  c o m p l e x e s  i n  t h e  p r e c e d i n g  s e c t i o n s ,  i t  
a p p e a r s  t h a t  i n  a l l  t h e  c o m p l e x e s  s t u d i e d  h e r e  t h e  p - p h e n y l e n e -  
d i a m i n e  f u n c t i o n s  a s  a b i d e n t a t e  l i g a n d  s i n c e :
( a )  t h e  h i g h e s t  e n e r g y  N-H s t r e t c h i n g  b a n d  f o r  t h e
- 1f r e e  l i g a n d  o c c u r s  a t  a b o v e  3 , 4 0 0 c m  , w h e r e a s  f o r  t h e  c o m p l e x e s
t h e  h i g h e s t  e n e r g y  b a n d s  l i e  i n  t h e  r a n g e ,  3 2 7 8 - 3 3 4 4 c m ~ 1 ©
( b )  b a n d s  a s s i g n a b l e  t o  t h e  C-N s t r e t c h  o c c u r r i n g  a t
— 1 — 1
1 3 1 1 cm and  1 2 6 3 cm f o r  t h e  f r e e  l i g a n d  o c c u r  a t  a b o u t
- 1  - 1
1 2 5 0 cm and 1 2 3 0 cm f o r  t h e  c o m p l e x e s 0
The p r e s e n t  r e s u l t s  f o r  C o ( p p d ) C l 2  a n d  N i ( p p d ) C l 2 
a r e  i n  a g r e e m e n t  w i t h  t h o s e  o f  B a r v i n o k  a n d  B u k h a r e v a  [ 3 3 ] ,  
b a s e d  o n  N-H s t r e t c h i n g  f r e q u e n c i e s  only®
Cojupound
N i  ( p p d ) C l g  
N i ( p p d ) 2 B r 2
N i ( p p d ) SO.
<u h.
C o ( o p d ) C l
2
p p d ( s o l i d )
TABLE 39 INFRARED ABSORPTION FREQUENCIES ( a )
I n  r a n g e  3 5 0 0 ~ 3 0 0 0 c m '
I n  r a n g e  
1 3 0 0 - 1 2 0 0 c m
( b )
3 2 9 8 , 3 2 5 0 , 3 1 8 5 m, 3125m , 3 0 3 7 w  1248m , 1 2 3 6
3 2 7 8 ,  3 2 4 7 ,  3 2 2 6 , 3193m, 3 X2 3 m sh,  1248m , 1 2 2 ?m
3 0 3 0 w
3 3 4 4 ,  3 2 2 4 ,  3 1 7 5 ,  3 0 7 7 w ,  3 0 3 1 w
3 2 7 6 ,  3 2 2 6 ,  3 1 8 3 ,  3113m, 3099m ,
303Sw
3 4 0 5 m , 3 3 9 3 m , 3 3 ? 8 s h , 3 3 6 5 , 3 3 2 2 s h ,
3 0 3 2 w ,  3 0 2 1 , 3 0 0 3 m
1 2 4 7  m, 1 2 3 3  m 
1 2 3 3 ^ ,  1 2 l 8 w
1 3 1 1 ,  1 2 6 3
3 4 5 3 ,  3 3 7 7p p d ( s o l u t i o n  
i n  CCl^)
( a )  A l l  b a n d s  a r e  s t r o n g  u n l e s s  o t h e r w i s e  s t a t e d ,
( b )  From Ref® 6 5
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P r e s u m a b l y  j a - p h e n y l e n e d i a m i n e  u s e s  b o t h  a m in e  g r o u p s  
i n  c o o r d i n a t i o n  b y  a c t i n g  a s  a b r i d g e  b e t w e e n  m e t a l  a t o m s ,  
t h u s  f o r m i n g  p o l y m e r i c  c o m p le x e s ®
( i i )  S u l p h a t e  A b s o r p t i o n s
- 1I n f r a r e d  b a n d s  i n  t h e  1100cm  r e g i o n  f o r  t h e  c o m p l e x e s  
N i ( p p d ) 2 SO^ and  N i ( p p d ) g B r 2 a r e  a s  f o l l o w s : -
N i ( p p d ) 2 SO^ 1 3 .6 2 m ,s h ,  1 1 3 5 v s , s h ,  1 1 2 6 v s ,  XXIXvs,  1 1 0 1 v s , s h ,  
X 0 3 2 v s ,  1 0 2 0 v s , s h ,  9 9 2 s  (cm™*1)®
N i ( p p d ) 2 B r 2 1175m, 1 1 2 5 s , 1 0 9 5 m, 1 0 7 5 v s ,  964m (cm™*1)®
T h e r e  a r e  e v i d e n t l y  many more b a n d s  i n  t h i s  r e g i o n  f o r  
N ± ( p p d ) 2 S0^ t h a n  f o r  N i ( p p d ) 2B r 2 a n d  i t  i s  p r o b a b l e  t h a t
N ± ( p p d ) o S0 .  c o n t a i n s  c o o r d i n a t e d  s u l p h a t e ,  w i t h  t h e  c o n s e q u e n t
2 £
l i f t i n g  o f  t h e  d e g e n e r a c y  o f  y ^ ( S ~ Q  a s y m m e t r i c  s t r e t c h i n g  m ode)  
a nd  t h e  a c t i v a t i o n  o f  y ^ ( S - 0  s y m m e t r i c  s t r e t c h i n g  mode)® The
- 1  \ ia b s o r p t i o n  band  a t  9 9 2 cm i s  a l m o s t  c e r t a i n l y  t h e  b a n d ,  
b u t  i t  i s  d i f f i c u l t  t o  a s s i g n  t h e  a b s o r p t i o n s  a s  t h e r e  d o e s  
n o t  a p p e a r  t o  be a c l o s e  c o r r e s p o n d e n c e  o f  l i g a n d  a b s o r p t i o n s  
i n  t h e  c o m p l e x e s ,  N i ( p p d ) 2 B r 2 a n d  NKppdJ^SO^®
3 © E l e c t r o n i c  S p e c t r a
( 1 )  T h e  N i c k e l ( I I )  C o m p le x e s
T h e  e l e c t r o n i c  s p e c t r a  o f  t h e  n i c k e l ( I I )  c o m p l e x e s ,  
g i v e n  i n  T a b l e  , i n d i c a t e  o c t a h e d r a l  o r  d i s t o r t e d  o c t a h e d r a l
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s t r u c t u r e s  ( s e e  p© 2-4- ) f o r  a l l  t h r e e  c o m p l e x e s  t h u s  s u p p o r t i n g
t h e  m a g n e t i c  a n d  i n f r a r e d  e v i d e n c e ®
The V b a n d  f o r  N i ( p p d ) QBr sh o w s  c o n s i d e r a b l e  s p l i t t i n g  
JL d d
a n d  t e t r a g o n a l  d i s t o r t i o n  r e s u l t i n g  f r o m  a t r a n s  c o n f i g u r a t i o n  
i s  i n d i c a t e d ©  P o s s i b l e  f r a n s  o c t a h e d r a l  s t r u c t u r e s  f o r  t h e  
c o m p l e x  a r e  sh ow n i n  Fig© 3 8  ( a )  and  (b)©
* V o V ^ t
\  / B r
Fig© 3 8 ( a )
NHi I  'irH^B r
F ig u r e  3 8 (b )
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M o l e c u l a r  m o d e l s  i n d i c a t e ,  h o w e v e r ,  t h a t  t h e  d o u b l e -  
b r i d g i n g  s t r u c t u r e  i n  F i g u r e  3& ( a )  i s  h i g h l y  u n l i k e l y  o w in g  
t o  t h e  b u l k  o f  t h e  b e n z e n e  r i n g *
TABLE 4 0  ELECTRONIC SPECTRA OF THE NXCXCEL(II) COMPLEXES -
DIFFUSE REFLECTANCE
Compound A b s o r p t i o n  Maxima i n  tn\x ( b r a c k e t e d  f i g u r e  i n
cm %clO™%
f t ^ 2 *
N i ( p p d ) C i g 4 5 0 s s h 5 3 0 w sh 7 5 7 s 1 3 0 6 s
( 3 2 . 2 ) ( 1 8 . 9 ) ( 1 3 *2 ) ( 7 . 6 6 )
N i ( p p d ) 2 B r 2 53 Ow 6 7 6 s 973m 1 3 4 5 s
( 1 8 . 9 ) ( l 4 ® 8 ) ( 1 0 . 2 8 ) ( 7 . 4 4 )
N i ( p p d ) 2 S 0 /i 3 8 0 s s h 6 4 5 s 1 0 7 5 s
( 2 6 . 3 ) (1 5 © 5 ) ( 9 . 3 )
T he s p l i t t i n g o f  t h e  9 ^ b a n d  f o r N i ( p p d ) „ B r 2 i s
c o n s i d e r a b l y  l e s s  t h a n  f o r  t h e  c o r r e s p o n d i n g  t r a n s  o - p h e n y l e n e -  
d i a m i n e  c o m p l e x ,  N i ( o p d ) ( s e e  p* 86  ) ,  b u t  g r e a t e r  t h a n  f o r
N i  ( a n i l i n e  ) s u g g e s t i n g  t h a t  j D - p h e n y l e n e d i a m i n e  i s
s p e c t r o s c o p i c a l l y  a w e a k e r  l i g a n d  t h a n  o - p h e n y l e n e d i a m i n e , b u t
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so m ew h at  s t r o n g e r  t h a n  a n i l i n e ®
The s p e c t r u m  o f  t h e  c o m p l e x ,  M i ( p p d ) C l s h o w s  n o
s p l i t t i n g  o f  t h e  b a n d ,  and  i t  a p p e a r s  t h a t  a n y  d i s t o r t i o n s
i n  t h e  comt^lex a r e  i n s u f f i c i e n t  t o  c a u s e  s p l i t t i n g  o f  bands®
A p p l y i n g  t h e  a v e r a g e  e n v i r o n m e n t  r u l e  t o  t h e  b an d  and
x
a s s u m i n g  a 4-C1 2N e n v i r o n m e n t  f o r  e a c h  n i c k e l  a t o m  a n d  a AO ct
- 1v a l u e  o f  7 , 2 0 0 c m  f o r  c h l o r i n e  [7 3 J ?  &  r o u g h  e s t i m a t i o n  o f
t h e  l i g a n d  f i e l d  s t r e n g t h  o f  p . - p h e n y l e n e d i a m i n e  i n  t h i s  c o m p l e x
- 1g i v e s  t h e  s u r p r i s i n g l y  l o w  v a l u e  f o r  A o f  8 , 6 0 0 c m  ® T h i suc  t
s u g g e s t s  t h a t  t h e  N i~ N  b o n d s  i n  N i ( p p d ) C X 2 may b e  l o n g e r  t h a n  
u s u a l  -  p o s s i b l y  b e c a u s e  o f  s t e r i c  c o n s i d e r a t i o n s ®
I t  i s  i m p o s s i b l e  t o  p r o p o s e  a c o m p a c t  c i s  s t r u c t u r e  
f o r  t h e  c o m p l e x  w i t h o u t  d o u b l e - b r i d g i n g  d i a m i n e  m o l e c u l e s  a n d  
e v e n  i f  l o n g  N i - N  b a n d s  a r e  p r e s e n t  m o l e c u l a r  m o d e l s  i n d i c a t e  
t h a t  s u c h  a s t r u c t u r e  i s  u n l i k e l y ®
M o l e c u l a r  m o d e l s  o f  a t r a n s  s t r u c t u r e  (F ig® 39  ) s u g g e s t  
t h a t  t h e r e  w o u l d  b e  some s t e r i c  h i n d r a n c e  b e t w e e n  t h e  e q u a t o r i a l  
c h l o r i n e  a t o m s  a n d  t h e  a x i a l  j ) - p h e n y  l o n e  d i a m i n e  m o l e c u l e s  s u c h  
t h a t  t h e  N i - N  b o n d  m i g h t  be  e x p e c t e d  t o  b e  l o n g e r  t h a n  u s u a l ®  
T h i s  l e n g t h e n i n g  m i g h t  be s u f f i c i e n t  t o  a c c o u n t  f o r  t h e  l o w  
l i g a n d  f i e l d  a p p a r e n t l y  e x e r t e d  b y  p - p h e n y l e n e d i a m i n e  i n  t h i s
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co m p lex , and f o r  th e  a b se n c e  o f  s p l i t t i n g  o f  t h e V ^  band,
F i g u r e  39
^ G1 : C l\  S '.' , _
v  A  n A. r 
cr''*
l'-~2 
) i
N i
fci.
+  Cl 
n. tr _ Ni, .  
C J t o  a  ■ > »
NH2
o
C l
1 0
-Cl 4, g 
Clto
N i
rt >9 _/f ~ NC l  * C l  1 NC1 
IT-4 NH
N H  2 2
No s p l i t t i n g  o f  t h e  band  f o r  N i (p x > d )2 S 0 4 i s  a p p a r e n t  
b u t  e v e n  f o r  a t r a n s  c o n f i g u r a t i o n  w i t h  b r i d g i n g  s u l p h a t e  o n l y  
a s m a l l  s p l i t t i n g  w o u l d  b e  e x p e c t e d ,  i n  v i e w  o f  t h e  l o w  l i g a n d  
f i e l d  s t r e n g t h  o f  £ - p h e n y l e n e d i a m i n e  0 T h u s  i f  i s  d i f f i c u l t  
t o  a s s i g n  a c o n f i g u r a t i o n  t o  t h i s  c o m p le x *
( i i )  The C o b a l t ( 1 1 )  C om p le x
The  e l e c t r o n i c  s p e c t r u m  o f  t h e  c o m p l e x ,  C o ( p p d ) C l p 
s h o w s  a b s o r p t i o n s  a t  t h e  f o l l o w i n g  w a v e l e n g t h s  (m|i)
S p i n  f o r b i d d e n  b a n d s :  4?6w,sh, 5X2mph„
: 5 8 0 - 6 4 0 v s  bd# ( F i n e  s t r u c t u r e ;  fSB^m^h, 6 o 8 v s ,  6 3 6 v s ) ,
: 1 2 7 0 - 1 5 3 0 s  bd* ( F i n e  s t r u c t u r e ;  1 2 7 3 s , s h ,  1 3 3 2 s , 1 4 0 2 s , 1 5 3 C s ). 
T h i s  s p e c t r u m  i s  t y p i c a l  o f  t e t r a h e d r a l  c o b a l t ( I I )  h a v i n g  v e r y  
s t r o n g  a b s o r p t i o n s  a t  a b o u t  6 0 0 mp and  1350mp ? w h i c h
4a r e  a s s i g n e d  t o  t r a n s i t i o n s  f r o m  t h e  A (F )  g r o u n d  s t a t e  t o  t h e
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7 t y ( P )  and ^T^(F)  l e v e l s  r e s p e c t i v e l y  [8 8 ]©  The- f i n e  s t r u c t u r e
i n  t h e  6 0 0 m|i b a n d  i s  p r o b a b l y  a r e s u l t  o f  s p i n - o r b  i f  c o u p l i n g
4
w h i c h  b o t h  s p l i t s  t h e  T ^ ( P )  s t a t e  a n d  a l l o w s  s p i n  f o r b i d d e n  
t i ' a n s i t i o n s  t o  t h e  n e i g h b o u r i n g  d o u b l e t  s t a t e s  t o  g a i n  som e  
i n t e n s i t y  [8 8 ]®  The s p l i t t i n g  o f  t h e  n e a r  i n f r a r e d  b a n d  (Vg ) 
p r o b a b l y  r e s u l t s  f r o m  a d e p a r t u r e  f r o m  t e t r a h e d r a l  sy m m e tr y  i n  
t h e  com plex®  S p l i t t i n g  o f  9  i n t o  t h r e e  c o m p o n e n t s  h a s  b e e nuj
o b s e r v e d  f o r  d i s t o r t e d  t e t r a h e d r a l  c o m p l e x e s  w i t h  a p p r o x i m a t e l y  
sy m m e tr y  [ 8 9 ] .  H o w e v e r ,  som e o f  t h e  f i n e  s t r u c t u r e  
( p o s s i b l y  t h e  1 5 3 0 ra|i b a n d )  may b e  d u e  t o  t h e  s u p e r p o s i t i o n  o f  
v i b r a t i o n a l  b a n d s  o n t o  t h e  V 2 b a n d ,  s i n c e  v i b r a t i o n a l  o v e r t o n e s  
a r e  f o u n d  i n  t h i s  r e g i o n  f o r  t h e  n i c k e l ( I I )  c o m p le x e s ©
A p o s s i b l e  s t r u c t u r e  f o r  t h e  c o m p l e x  i s s
C l  .. C l  .
- -FH. ) VBH -  Co. * - N H / P j V r i H © . Co - I lk Y  O  Y m
y  2 c i  A t o / 2 ' 7  2\ f _ / ... 2
C l
F i g u r e  40©
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I n  c o n t r a s t  t o  t h e  r e s u l t s  r e p o r t e d  b y  H i e b e r ,  t h e  
p r e s e n t  w o r k  sh o w s  t h a t  o - p h e n y l e n e d i a m i n e  a n d  i t s  4 - m e t h y l  
h o m o l o g u e  f u n c t i o n  p r i m a r i l y  a s  b i d e n t a t e  l i g a n d s ®  O n ly  i n  
t h e  6 s i  and 4 : 1  h a l i d e  c o m p l e x e s  a n d  t h e  3 * 1  s u l p h a t e  and  
s e l e n a t e  c o m p l e x e s  h a s  t h e r e  b e e n  a n y  i n d i c a t i o n  o f  m o n o d e n t a t e  
b e h a v i o u r  -  s e e  T a b l e  4l®
TABLE 4 1  COMPARISON OF MONODENTATE AND BIDENTATE^ CHARACTER 
OF ORTHO- PHENYLENEDIAMINE IN  ITS COMPOUNDS
Compound H i e b e r  [ 4 ] 0  t h e r  ¥  o r  k e r  s T h i s  Work
N i ( o p d ) M M [ 3 3 ]  
B [ 3 1 ]
B
N i ( o p d ) ?B r 2 M B
N i  ( o p d )  2 S 0 /.. M M [ 3 3 ]  
B [ 3 0 ]
B
N i ( o p d ) M B
N i  ( o p d ) ^ C l g M M + B
N i ( o p d ) ^ C l g M M
Z n ( o p d ) 2 SOZi M B
Cu( o p d ) C l 2 M B
C u (o p d )  2 (NO^ ) 2 B B
C u ( o p d ) 2 S 0 4 B B
H M = m o n o d e n t a t e ;  B -  b i d e n t a t e ®
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I n  many r e s p e c t s  ^ o - p h e n y l e n e d i a m i n e  a p p e a r s  t o  r e s e m b l e  
e t h y l e n e d i a m i n e ; t h i s  i s  so  p a r t i c u l a r l y  i m : ~
( a )  t h e  n i - c k e l ( X I )  t r i s - c h e l a t e  c o m p l e x e s ,  ( b )  t h e
2 +t r a n s  a q u o  i o n ,  N i  ( d i a m i n e )  2 (HgO) 2 , ( c )  t h e  t r a n s  n i t r a t e
c o m p l e x e s ,  H i ( d i a m i n e ) 2 (NO^) 2 a n d  ( d )  t h o  c o p p e r ( X I )  c o m p l e x e s  
o f  t h e  t y p e  C u ( d i a mi n e ) a nd C u ( d i a m i n e ) XQ0 H o w e v e r ,  t h ed d d
tw o  l i g a n d s  d i f f e r  i n  t h a t :  ( a )  e t h y l o n e d i a m i n e  d o e s  n o t  f o r m
c o m p l e x e s  o f  t h e  t y p e  N i ( d i a m i n e ) ^X^ and  N i ( d i a m i n e )  
c o n t a i n i n g  m o n o d e n t a t e  l i g a n d ,  and  ( b )  th© c o m p l e x e s  h a v i n g  t h e  
s t o i c h i o m e t r y  N i ( d i a m i n e ) ( h a l ) 2 a r e  d i m e r i c  c i s  h a l o g e n  b r i d g e d  
s t r u c t u r e s  o f  t h e  t y p e  [N i^ e n ^ C X p ] CX^ f o r  e t h y l e n e d i a m i n e  [ 9 0 ] ,  
w h e r e a s  f o r  o - p h e n y l e n e d i a m i n e  t h e y  a p p e a r  t o  b e  t r a n s  monomers®
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  e t h y l e n e d i a m i n e  h a s  a 
h i g h e r  A v a l u e  and b a s i c i t y  ( s e e  T a b l e  k %  ) t h a n  o - p h e n y l e n e -  
d i a m i n e ,  b u t  t h a t  t h e  l i g a n d  f i e l d  s t r e n g t h  o f  a n i l i n e  i s  
l o w e r  t h a n  t h a t  o f  o - p h e n y l e n e d i a m i n e  a l t h o u g h  t h e  b a s i c i t i e s  
o f  t h e  tw o  l i g a n d s  a r e  c o m p a ra b le®  At l e a s t  tw o  r e a s o n s  may  
b e  s u g g e s t e d  f o r  t h i s ®
( a )  I n  t h e  d i a m i n e  c o m p l e x e s  c h e l a t i o n  may f o r c e  
n i t r o g e n  i n t o . c l o s e r  p r o x i m i t y  t o  t h e  m e t a l  a t o m  t h a n  i s  f o u n d  
w i t h  m o n o d e n ta te  a m in e  c o m p l e x e s ®
( b )  I n  t h e  6 : 1  a n i l i n e  c o m p l e x e s  s t e r i c  f a c t o r s  ( s e e  
p® 1 0 4 . )  may p r o d u c e  u n u s u a l l y  l o n g  M-N bonds®
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An i l l u s t r a t i o n  o f  t h e  e f f e c t  n o t e d  i n  ( a )  i s  t o  b e  
f o u n d  i n  t h a t  e t h y l a m i n e  i s  a  much w e a k e r  l i g a n d  t h a n  e t h y l e n e ­
d i a m i n e  a l t h o u g h  t h e i r  b a s i c i t i e s  a r e  c o m p a r a b l e *  C l e a r l y  no  
s i m p l e  c o r r e l a t i o n  b e t w e e n  b a s i c i t y  and  l i g a n d  f i e l d  s t r e n g t h  
c a n  b e  a s s u m e d ,  e s p e c i a l l y  w h e r e  s t e r i c  f a c t o r s  may p l a y  an  
i m p o r t a n t  p a r t *
TABLE 4X LIGAND F IELD STRENGTHS AND. BASICITIES OF AMINE
—r— — aaa— oa a mj i a — i— <— a— « w m — m fcg>—arx* — — win—w
LIGANDS
L i g a n d AO ct  32or B a s i c i t y  (pKA-
pK i
2 0 ° )  [ 7 1 ] 
P E 2
opd 1 0 , 6 5 0 4 0 47 1 . 3
mopd 1 0 , 5 0 0 - —
ppd 1 0 , 0 0 0 6 * 3 1 2 * 4 7
a n i l i n e 9 , 2 5 0 [ 6 9 ] 4 * 6 9 —
e n 1 1 , 5 0 0 [ 7 3 ] 1 0 * 0 7 6 . 9 8
e t h y l a m i n e 1 0 , 8 0 0 [ 9 2 ] 9 o 2 5 -
T h e  s i m i l a r i t y  i n  t h e l i g a n d f i e l d  s t r e n g t h s  o f
ammonia a n d  o - p h e n y l e n e d i a m i n e  i s  i l l u s t r a t e d  i n  t h e  s t r o n g  
s i m i l a r i t y  o f  t h e  e l e c t r o n i c  s p e c t r a  o f  N i ( N H » ) , ( N C S ) 0
j  i  M
and  N i ( o p d ) 2 (N C S )2 ( s e e  p * 1 5 4  ) a n d  o f  N i ( N H _ ) ^ (N 0 p ) 2 
and  N i ( o p d ) 2 (N 0 p ) 2 ( s e e  p * l 6 l  )*
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P r e l i m i n a r y  w o r k  o n  | > - p h e n y X e n e d i a m i n e  c o m p l e x e s  
s u g g e s t s  t h a t ,  ( a )  j q - p h e n y l e n e d i a m i n e  f u n c t i o n s  a s  a b i d e n t a t e  
l i g a n d  a p p a r e n t l y  g i v i n g  r i s e  t o  p o l y m e r i c  s t r u c t u r e s  i n  a l l  
t h e  c o m p l e x e s  s t u d i e d ,  a n d  ( b )  j ) - p h e n y l e n e  d i a m i n e  i s  s p e c t r o ­
s c o p i c a l l y  a w e a k e r  l i g a n d  t h a n  o - p h e n y l  e n e  d ia m in e©  S t  e r i c  
f a c t o r s  u n d o u b t e d l y  c o n t r i b u t e  t o  t h e  l o w  A v a l u e  f o r  t h i s  
l i g a n d ®  I t  w o u l d  b e  i n t e r e s t i n g  t o  t r y  t o  p r e p a r e  a c o m p l e x  
o f  t h e  t y p e  N i ( p p d ) 0X0 i n  o r d e r  t o  o b t a i n  a n  a c c u r a t e  v a l u e
j cj
f o r  A, b u t  a n  e x a m i n a t i o n  o f  m o d e l s  w o u l d  s u g g e s t  t h a t  i t  w o u ld  
b e  v e r y  d i f f i c u l t  t o  p r e p a r e  s u c h  a complex®
I f  w o u l d  b e  o f  v a l u e  t o  s t u d y  t h e  r e f l e c t a n c e  s p e c t r a  
o f  many o f  t h e  c o m p l e x e s  d i s c u s s e d  i n  t h i s  w o r k  a t  l i q u i d  
n i t x ' o g e n  t e m p e r a t u r e s  © T h i s  s h o u l d  e n a b l e  t h e  s p l i t t i n g  o f  
s p i n  a l l o w e d  b a n d s  t o  b e  b e t t e r  r e s o l v e d  and  s h o u l d  f a c i l i t a t e  
t h e  a s s i g n m e n t  o f  s p i n - f o r b i d d e n  a b s o r p t i o n s ®  I n  p a r t i c u l a r  
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